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(QUANTITATIVE  ANALYSIS  OF  STEROIDS  ISOLATED 
FROIVI  THE  URINE  OF  NORMAL  AND  ACTH 
TREATED  (iUINEA  PIGS‘ 

FERNAND  (J.  PERON  and  RALPH  I.  DORFMAN 
with  the  technical  assistance  of  Mr.  William  F.  Robidoux 
Worcester  Foundation  for  Experimental  Biology, 

Slirewshury,  Massachusetts 

ABSTRACT 

The  resj)()nse  of  the  jniinea  pis  adrenal  to  intraperitoneal  injections  of 
AC'TH  is  reflected  by  a  four  to  eishtfold  increase  in  urinary  corticoid  and  a  one, 
to  twofold  increase  in  urinary  1 7-ketosteroids.  All  the  identified  corticoids  and 
1 7-ketosteroids  are  eliminated  in  sufficient  amounts  to  make  their  detection, 
isolation  and  quantitation  possible  by  means  of  paper  chromatosraphy  and 
conventional  colorimetric  assays.  The  corticoids  and  the  1 7-ketosteroid  6/8,1 1/3- 
dihydroxy-ALandrostene-3, 17-dione  are  eliminated  in  the  urine  as  free  com- 
l)ounds,  while  the  ring  A  saturated  1 7-ketosteroids  are  eliminated  as  their 
water-soluble  conjugated  forms.  Cortisone  has  been  isolated  for  the  first  time 
from  guinea  i)ig  urine. 

The  isolation  and  identification  of  corticoids  from  the  urine  of  normal 
and  ACTH  treated  guinea  pigs  has  been  reported  (1,  2,  3),  whereas 
the  quantitative  estimation  of  these  substances  has  only  been  partly  de¬ 
termined  by  Burstein  et  at.  (2).  Sev’eral  investigators  have  studied  the 
amount  of  1 7-ketosteroids  eliminated  daily  in  the  urine  of  normal  and 
scorbutic  guinea  pigs  and  in  normal  animals  treated  with  ACTH.  By  ap¬ 
plying  the  color  correction  equation  of  Talbot  et  al.  (4)  to  v'alues  obtained 
by  the  colorimetric  assay  of  crude  extracts  of  acid  hydrolyzed  guinea  pig 
urine,  Clayton  and  Prunty  (o)  found  that  ACTH  admini.stration  in  the 
normal  animal  brought  about  a  40-206%  mean  increase  in  the  amount  of 
1 7-ketosteroids  eliminated  in  the  urine.  Oertel  and  Hein  (6)  reported 
urinary  1 7-ketosteroid  values  of  230  jug  day  in  (he  normal  guinea  pig  and 
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673  MS  tljiy  scorbutic  animal  following  purification  of  ethyl  ether 

extracts  of  acid  hydrolyzed  guinea  pig  urine  on  alumina  columns.  The 
much  higher  excretion  values  of  the  order  of  oOO  mS  day  and  1200  mS  day 
in  the  normal  and  ACTH  treated  animal,  respectively,  were  reported  by 
Bazzi  and  Nicoloci  (7)  who  carried  out  their  analyses  on  crude  extracts  of 
acid  hydrolyzed  guinea  pig  urine.  No  identification  of  the  steroids  obtained 
in  these  inv'estigations  was  reported.  Recently  a  study  was  carried  out 
wherein  several  17-ketosteroids  were  isolated  from  the  urine  of  ACTH 
treated  guinea  pigs  and  identified  (3).  As  a  continuation  of  this  work  and 
of  Burstein  and  coworkers’  work  (2),  we  wish  to  report  in  the  present  in- 
v'estigation  a  more  complete  quantitative  picture  of  the  urinary  corticoids 
and  17-ketosteroids  eliminated  in  the  urine  of  normal  and  ACTH-treated 
guinea  pigs. 


MATERIALS  AM)  METHODS 
I’rinr  collection  and  ACT II  injection 

.\(lult  male  suineii  pies  (()00-70()  sm.)  obtained  from  the  Rockland  Farms,  Xew  City, 
Xew  York,  were  placetl  in  metahcdism  ea.ees  and  the  mine  collected  as  |)reviously  de¬ 
scribed  (1).  Prior  to  extraction  the  collected  mine  was  stored  in  the  frozen  state.  In  all 
cases  when  .\CTH  (ACTHAR  Gel.  .Vrmour)  was  used.  S  i  u.  were  administered  intra- 
peritoneally  to  each  animal  for  every  day  of  urine  collection. 

I'rine  extraction,  hydrolysis  of  the  urine  and  purification  of  extracts 

.  Pooled  hydrolyzed  and  unhydrolyzed  urine  sami)les  were  extracted  with  ethyl  acetate 
and  further  fractionated  by  methods  |)reviously  described  (1, 3).  In  this  manner  fractions 

and  Ri  were  obtained  which  represent  organic  solvent  .soluble  material  from  unhydro¬ 
lyzed  ami  acid-hydrolyzed  urine,  respectively,  followinjr  i)urification  of  these  extracts  on 
a  silica  ^el  column  (cf.  3). 

C'omjjarative  studies  of  1 7-ketosteroid  extraction  from  hydrolyzed  urine  was  done 
with  ethyl  ether  and  carbon  tetrachloride  in  addition  to  ethyl  acetate,  h^xtractions  with 
ethyl  ether  (EtoKt)  were  carried  out  on  urine  which  had  hern  hyclrolyzed  by  boiliiif?  20 
minutes  in  the  presence  of  10%  HCl  (v  v).  The  hydrolysate  was  extracted  three  times 
with  twice  its  volume  of  Etoh^t.  The  ether  extract  was  washed  twice  with  10%  XaOH 
(SO  ml.  XaOH  500  ml.  of  ether  extract)  and  then  with  water  until  neutral. 

For  carbon  tetrachloride  extractions  the  urine  was  first  acidified  with  acid  (15%  H('l, 
v/v),  a  I  volume  of  carbon  tetrachloride  (CC'U)  was  added  and  the  mixture  refluxefl  on 
a  hot  plate  for  30  minutes.  The  extraction  was  repeated  once  more  with  fresh  CX'l,  follow- 
iiiK  <lecantation  of  the  fir.st  portion  of  CC'b.  The  C'Cfi  was  pooled,  washed  with  10% 
X'aOH  (75  ml.  X’aOH  100  ml.  C’Cb)  and  finally  with  water  until  neutral.  Subsequently, 
both  the  EtoEt  and  CCfi  extracts  were  treated  in  the  same  manner  as  the  ethyl  acetate 
extracts  j)rior  to  paper  chromato.^raphy. 

Paper  chromatography  of  fractions  .li  and  Hi 

Fractions  Ai  and  Bi  were  chromatographed  on  pai)er  usiiif;  conventional  solvent  sys¬ 
tems  (S,  9,  10)  and  in  the  same  setpience  outlined  previously  (3). 

Colorimetric  assay  of  steroids  eluted  from  paper  ehromatograms 

Prior  to  the  elution  of  the  steroid  zones  on  the  chromatograms,  individual  cortico¬ 
steroid  zones  were  detected  with  the  blue  tetrazolium  reagent  (RT)  and  by  visual  exami- 
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nation  of  the  chromatograms  under  ultraviolet  li^ht  (Mineralight,  Tltra-Violet  Products, 
Inc.,  South  Pasadena,  Talifornia).  The  17-ketostei'oid  zones  were  detected  by  develop¬ 
ment  of  the  chromatograms  with  the  Zimmermann  reagent  (9).  Eluted  corticoids  bearing 
the  17a,21-dihydroxy-20-ketone  grouping  were  analyzed  (piantitatively  by  the  Porter- 
Silber  method  (11).  Those  not  ])ossessing  this  structure  but  having  the  a,|3-unsaturated 
3-ketone  conjugated  grouj)ing  were  analyzed  quantitatively  by  the  jjhosphomolybdic 
reaction  of  Rurstein  (12).  The  1 7-ketosteroids  were  analyzed  quantitatively  by  the 
Holtorff  and  Koch  method  (13). 


RESULTS 

Table  I  i.s  a  .summary  of  tlie  result.s  obtained  when  three  different  sol- 
vent.s  were  used  for  the  extraction  of  tlie  acid  hydrolyzed  urine.  In  order 
to  eliminate  variances  in  the  amount  of  17-ketosteroid  excreted  by  dif¬ 
ferent  groups  of  animals,  a  pooled  14()-day  urine  sample  was  obtained  from 
20  normal  adult  male  guinea  pigs  and  divided  into  four  equal  3o-day  urine 
alirpiots.  Each  alirpiot  was  hydrolyzed  with  HCl  and  extracted  with  EtoEt, 
C'Cb  or  ethyl  acetate,  respectively  (cf.  methods).  Following  the  control 


TaBI.E  1.  (Jl  AXTITATIVE  AXAl.YSISOK  1  7-KETOSTEROIDS  EI.I  TEI)  EKOM  I’AI’ER  CHROMATOURAMS 
OF  ETHYI,  ETHER,  CAHBOX  TETRACHLORIDE  A.\D  ETHYL  ACETATE  EXTRACTS 
OF  ACID  HYDROLYZED  I  RINE 


Solvent  useil  for 
extraction 

.\liquot 

days 

.\C'TH 
injected  per 
animal  i.r./day 

Mg. /day 
17-KS 

%  incri-ase 
over 
control 

Ethyl  Ether 

3') 

101 

E.thvl  lather 

35 

H  \ 

.504 

400 

(’ari)on  Tetrachloridi* 

35 

30 

('arl)on  Tetrachloride 

35 

8 

1  1 52 

407 

Ethyl  .\cetate  fa) 

35 

<15 

Ethvl  .\cetate  (b) 

35 

121 

(a) 

35 

8 

412 

334 

collection  period  the  same  animals  were  injected  with  8  i.u.  of  ACTH  per 
day  for  a  period  of  7  days,  the  urine  collected,  pooled,  ali(juoted,  hydro¬ 
lyzed  aud  extracted  as  for  the  control  urine.  The  individual  extracts  were 
next  .subjected  to  silica  gel  chromatography  to  yield  purified  fractions  Bi. 
Following  paper  chromatography  of  fractions  B|  all  eluted  17-ketosteroid 
zones  of  the  paper  chromatograms  were  pooled  and  quantitatively  analyzed. 
The  re.sults  obtained  (Table  1)  indicate  that  both  EtoEt  and  ethyl  acetate 
extract  approximately  the  same  amount  of  17-keto.steroid.s  from  the  acid 
hydrolyzed  urine.  Carbon  tetrachloride  was  not  as  efficient  a  solvent  for 
extracting  the  urinary  17-ketosteroid.s.  As  a  re.sult  of  these  findings  and 
since  ethyl  acetate  is  the  solvent  of  choice  for  extracting  corticoids  (pian- 
titatively  (1,  14),  ethyl  acetate  was  u.sed  in  all  subseciuent  experiments. 


Urinary  corticoids  in  control  and  ACTH  treated  guinea  pigs 

The  findings  of  Burstein  and  Dorfman  (2)  and  Peron  and  Dorfman  (3, 
lo)  are  summarized  diagrammatically  in  Figure  1  which  shows  the  chroma- 
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tographic  pattern  of  steroids  which  are  extracted  with  ethyl  acetate  from 
non-hydrolyzed  guinea  pig  urine  and  which  are  present  in  fraction  Ai. 

The  usefulness  of  the  chloroform-formamide  (C-F)  system  is  well- 
known,  especially  when  used  for  the  separation  of  mixtures  of  highly  polar 
steroids.  However,  it  is  ecpially  notorious  in  that  it  fails  to  give  clean-cut 
separations  and  as  a  result  the  individual  steroid  zones  are  contaminated 
with  the  other  zones  found  on  the  chromatogram.  The  failings  of  the  above 
system  are  not  experienced  when  the  less  polar  toluene-propylene  glycol 
(T-P-(i)  system  (8)  or  the  ligroin-propylene  glycol  (L-P-CJ)  system  of 
Savard  (9)  are  used.  For  this  reason  and  also  to  eliminate  pigments  which 
accompany  some  of  the  zones  separated  in  the  C-F  system  and  interfere 
with  the  colorimetric  assays,  all  steroid  zones  after  elution  were  acetylated 
and  rerun  in  the  T-P-G  system  for  varying  lengths  of  time  (cf.  Tal)le  2). 
In  addition  acetylation  and  rechromatography  of  C-F  zone  II  in  the 
T-P-G  system  is  necessary  in  order  to  separate  2a-hydroxycortisol  di¬ 
acetate  (Il-Iac)  from  possible  contaminating  amounts  of  an  unknown 
acetate  (Il-IIac)  (cf.  Hi).  Table  2  shows  the  amounts  of  corticoids^  ob- 
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Fig.  1.  Diagrammatical  representation  of  a  paper  chromatogram  of  steroids  extracted 
witli  ethyl  acetate  from  non-hydrolyzed  guinea  pig  urine  after  running  in  the  chloroform- 
formamide  system  for  14  hours  (C-F-14).  S.  L.  =  Starting  line. 

*  Has  not  been  reported  jireviously. 

*  Zone  VII  although  a  1 7-ketosteroid  is  included  in  Table  2  because  it  was  isolated 
from  fractions  Ai  on  the  chloroform-formamide  chromatograms  along  with  the  corticoids. 
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TaBI.K  2.  (il'ANTITATIVE  ANALYSIS  OK  t'ORTICOIDS  EU  TED  FROM  rHH)ROKORM-KORMAMlI)E 
1‘APER  CHROMATOCiRAXIS  AND  RERl'N  AS  THE  ACETATES  IN  THE 
TOLl  ENE/l'ROI'YI.ENE-OLYCOl.  SYSTEM 


Zones  from 
initial  C-F 
chromato¬ 
grams  of 
fractions  Ai 

Running  tiim* 
of  acetates  run 
in  the  T-P-C- 
system  hours 

I 

Name  of  steroid 

Mg. /day 
control 
urine  | 

Mg. /day 

AC'TH 
[  urine 

Response 
to  ACTH 
%  increase 
over 
control 

1 

lac  1(1 

(i/S-hydroxy  cortisol 
diacetate 

11 .1) 

57 . 5 

i 

383 

II 

Il-Iac  -Hi 

2u(-hydroxy  cortisol 
diacetate 

23.3 

47.. •> 

104 

Il-IIac*— Hi 

unknown  acetate  i 

— 

!  — 

1 _ 

III 

lilac  -8 

;  unknown  acetate 

4.4 

4.') 

0 

IV 

IVac  8 

2()a-hydroxy 
cortisol  diacetate 

2.7 

— 

'  - 

Vac  8 

2Ud-hydroxy 
cortisol  diaci'tate  | 

1  .4 

13.8 

88.') 

VI 

Vlac  Hi 

cortisol  acetate 

18.3 

02.. 5 

40.') 

VII 

Vllact  Hi 

(id,  1  l/S-dihydroxy 
A^-androsten-3, 1 7- 
dione-(i-acetate 

7.3 

.=>.3 

0 

VIllJ 

VllI  40 

cortisone 

2.7 

12..') 

303 

Total 

excluding  Vllac 

04.7 

228.7 

1 

*  Zone  Il-IIac  as  reiiorted  previously  (1(1)  was  not  found. 

t  Quantitative  analvsis  of  zone  Vllae  was  carried  out  l)v  the  HoltortT-Koeh  proe<‘(Iure 
(13). 

t  Zone  VIII  was  not  aeetylated  and  excretion  values  an*  rejiorted  on  the  free  compound. 
Zone  VIII  was  eluted  from  the  initial  ('-F  chromatojjram  and  rerun  in  T-P-G  for  4!)  hours 
prior  to  the  assay. 

taiiied  in  a  200  day  equivalent  sample  of  eontrol  urine  and  in  a  210  day 
etjuivalent  sample  of  urine  of  guinea  pigs  treated  with  ACTll.  The  re¬ 
sponse  to  ACTll  injection  is  expressed  in  the  percentage  increa.se  of 
corticoids  excreted  in  the  ACTll  urine  over  the  control  values.  It  cati  he 
seen  that  ACTU  causes  an  increased  elimination  of  corticoids  ()/3-hydrox- 
ycortisol  diacetate  (lac),  2a-hydroxycortisol  diacetate  (11-Iac), 
hydroxycortisol  diacetate  (V'ac),  corti.sol  acetate  (ATac)  aiul  cortisone 
(VIII)  in  the  order  of  388,  104,  885,  405  and  803%,  respectively.  However, 
no  increased  excretion  of  Iliac  (unknown  acetate)  and  0/5,1  l|d-dihydroxy- 
A^-androsten-8,17-dione-0-acetate  (Vllac)  was  found  after  ACTll  injec¬ 
tion. 

Urinary  17-krtosteroids  in  confrni  and  ACTH  trcafrd  yuinca  p/r/.s 

Figure  2  shows  in  a  diagrammatical  form  the  chromatographic  pattern 
of  the  17-ketosteroids  which  are  extractalde  from  acid  hydrolyzed  guinea 
pig  urine  and  present  in  fraction  Bi  (cf.  3).  Table  3  shows  the  effect  of 
.\CTH  injections  on  the  urinary  17-ketosteroid  output.  Although  both 
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1  l/3-hy(lroxyaiulrosteroiie  and  A®'"-(lehydroandrosterone  were  not  de¬ 
tected  in  this  investigation,  they  have  been  found  in  a  previous  study  in 
very  small  amounts  (3).  Since  A“'”-dehydroandrosterone  is  known  to  he  a 
dehydration  product  derived  from  1 1/3-hydroxyandrosterone  as  a  result  of 
acid  hydrolysis  of  the  urine,  it  is  not  surprising  to  find  both  substances 
absent.  The  results  show  that  the  administration  of  ACTH  causes  a  definite 
increase  in  the  amounts  of  1 1/3-hydroxyetiocholanolone  (L-P-(i-12()-I), 
ll-ketoetiocholanolone  (L-P-C}-120-III),  1 1-ketoandrosterone  (L-P-Cl-IV’) 
and  in  the  mixture  A“’"-dehvdroetiocholenolone  and  etiocholanoloire 
fL-P-(i-4()-I)  excreted. 

DISCUSSION* 

The  observations  of  Burstein  (17)  and  of  Ely  and  Kelly  (18)  that  the 
guinea  pig  is  the  laboratory  animal  of  choice  for  corticoid  excretion  studies 
has  been  well  substantiated  in  this  investigation.  Using  a  relatively  small 
volume  of  urine  we  have  been  able  to  isolate  and  (juantitate  seven  corticoids 
and  definitely  identify  six  of  these  from  this  source.  The  reason  for  the  high 
excretion  of  corticoids  and  pre.sumably  of  the  1 1-oxygenated  17-ketosteroid 
is  probably  due  to  the  fact  that  the  guinea  pig  has  the  highest  ratio  of 
adrenal  weight  to  body  weight,  0.1%  in  the  guinea  pig  and  0.001%  in  the 
human  (19).  It  has  been  reported  by  the  same  authors  that  the  guinea  pig 
excretes  about  10  times  as  much  corticoids  as  the  human  adult  on  the  basis 
of  body  weight.  Of  the  7  corticoids  isolated,  C-F-Iac,  Il-Iac,  Vac,  Vlac 
and  Vm,  all  steroids  with  an  a-ketol  reducing  side-chain  are  excreted  in 
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L-P<^-I20  L-P-G-40 

Fig.  2.  l)iaKraniinatic:il  rejiresentation  of  paper  ohromatoKiams  of  fractions  Bi  run 
in  the  ligroin-iiroiiylene-slyeol  system  for  120  hours  (L-P-(i-12())  the  run-off  heini;  sub¬ 
sequently  run  in  tlie  li}!:roin-i)roi)yllene-;ilycol  system  for  40  hours  (L-P-(i-40).  S.  L. 
=  Starting  line. 
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significantly  greater  amounts  after  ACTH  administration.  Thus,  ACTH 
does  not  appear  to  bring  a))out  the  selective  liberation  of  any  one  corticoid 
In'  the  adrenal  cortex.  However,  the  possiliility  exists  equally  that  these 
substances  have  one  common  precursor  which,  after  its  liberation  by  the 
adrenal  gland,  is  transformed  in  the  proce.ss  of  “inactivation”  by  extra¬ 
adrenal  tissues  prior  to  their  elimination  in  the  urine. 

.Accounting  for  the  fact  that  the  corticoids  isolated  in  this  study,  with 
the  exception  of  cortisone,  were  determined  as  the  acetates  the  total 


TaBLK  3.  Qi  aXTITATIVE  analysis  OE  IT-KETOSTEROIDS  ELI  TED  from  I.KiROIX 
PROPYLENE  OLYCOL  PAPER  CHROM ATO<;RAMS 


Zones  on 
chromato¬ 
grams 

Running 

time, 

hours 

Name  of  steroid 

Mg. /day 
control 
urine 

Mg. /day 
AUTH 
urine 

Response 
to  AUTH 
%  increase 
over  control 

1 

120 

1  l/3-hv(lroxv  etioeholanolone 

22.7 

37.3 

(i4 

II 

120 

1  l/3-hv(lroxv  androsterone 

III 

120 

1  l-k(‘toetioeholanolone 

137.0 

287.8 

1 10 

IV 

120 

1 1-ketoandrosterone  i 

— 

21.0 

I 

40 

Mixture  of  A®  *'- 

75.5 

158.0 

114 

dehvdroetioeholenolone-t- 

(dioeholanolone 

II* 

40 

A“"-dehvdroandrosteron(‘ 

— 

viit 

Oft-l  1/3-dihvdroxv 

(>  .5 

4.7 

0 

A'-androstene-3, 1 7-dione 

241.7 

.508.8 

*  Both  L-P-G-120-II  and  L-P-(i-4()-lI  liavp  l)ppn  dotpctpd  in  a  i)rpvious  study  (3). 
t  Calculatod  as  tlip  frpp  fompound  from  valups  in  Tahlp  2. 


amount  of  urinary  corticoids  in  both  the  control  and  AC^TH -treated  ani¬ 
mals  is  comparable  with  those  values  published  for  the  normal,  scorbutic 
and  ACTH-treated  guinea  pig  (2,  20).  They  are  low  when  compared  to  the 
results  of  Liddle  and  coworkers  (21)  who  reported  a  210  )ug.  (lay  level 
(limits  l.o0-400  pig-  day)  of  urinary  corticoid  in  the  normal  guinea  pig  and 
up  to  a  threefold  increase  in  animals  injected  with  o  i.u.  of  ACTH  per  day. 

The  excretion  of  the  17-ketosteroids  parallels  the  excretion  of  corticoids 
and  is  higher  in  the  ACTH  treated  animals  than  in  the  normal  controls 
with  the  exception  of  0/3,1  l/3-dihydroxy-A^-androstene-3,17-dione.  How¬ 
ever,  it  will  be  seen  that  the  increase  in  the  amount  of  17-ketosteroid  ex¬ 
creted  following  ACTH  administration  is  not  as  great  as  for  the  corticoids. 
In  view  of  the  findings  of  Clayton  and  Prunty  (5)  that  adrenalectomized 
guinea  pigs  do  not  respond  to  ACTH  and  show  no  change  in  the  amount  of 
urinary  17-ketosteroid  excreted  in  the  male  or  female  animal,  it  can  be 
concluded  that  the  increased  output  of  17-ketosteroids  observed  in  this 
investigation  is  brought  about  as  a  result  of  the  response  of  the  adrenal  to 
injected  ACTH.  Whether  the  steroids  are  secreted  as  such  by  the  adrenal 
or  are  conversion  products  of  the  corticoids  is  unknown  at  the  present 
moment. 
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This  study  has  also  shown  that  all  urinary  corticoids  isolated  thus  far 
are  a,/i-unsaturated-3-ketone  steroids  and  are  present  in  their  organic 
solvent  solulde  free  form.  This  is  in  contradistinction  with  the  well-known 
fact  that  in  the  human  most  of  the  corticoids  and  their  reduction  products 
are  eliminated  in  the  conjugated  form.  It  can  he  said,  therefore,  that  con¬ 
jugation  is  a  necessary  sequence  to  reduction  of  the  4-5  double  bond  of 
ring  A.  All  the  urinary  17-ketosteroids  with  the  exception  of  6/3,11/5- 
dihydroxy-A^-androstene-8,17-dione  are  extracted  only  following  acid 
hydrolysis,  indicating  that  these  compounds  are  eliminated  in  their  water- 
soluble  conjugated  form. 
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THE  EFFECT  OF  CORTISONE  AND  CX)RTICX)TROPIN  ON 
THE  RELEASE  AND  PERIPHERAL  METABOLISM 
OF  THYROID  HORMONE^ 

R.  N.  BECK 

Ziskind  Research  Laboratories,  A>«'  England  Center  Hospital,  and  the  Department 
of  Medicine,  Tufts  University  School  of  Medicine,  Boston,  Massachusetts 

ABSTRACT 

Rat  thyroid  slunds  were  labelled  with  1'^‘  and  further  uptake  blocked  with 
j)ropylthiouracil.  The  effects  of  cortisone  and  corticotroj)in  on  1*®'  release  rates 
were  studied,  each  animal  heinu;  used  as  its  own  control. 

Corticotrojjin,  25  or  90  units  subcutaneously  1 2  hourly  was  without  effect. 

Two  and  one-half  milligrams  of  cortisone  subcutaneouslj'  12  hourly  doubled 
the  release  rate.  This  increase  was  al.so  jjresent  in  hypophysectomized 
animals.  Cortisone  did  not  influence  the  acceleration  of  “release  rate”  pro¬ 
duced  by  thyrotropin.  It  was  conclude<l  that  this  unexpected  effect  of  cortisone 
is  due  in  i)art  to  a  rlirect  action  on  the  thyroid.  'I'he  hypoi)hysis  may  also  be 
stimulated  to  jn-oduce  exce.ss  thyrotropin. 

The  effects  of  cortisone  and  corticotidi)in,  in  the  same  doses,  on  perii)heral 
degradation  of  thyroxine,  were  investigated  in  rats,  using  intravenous  thy¬ 
roxine  I'^'  and  frecpient  blood  sampling  over  a  72-hour  i)eriod.  Control  and 
exi)erimental  groui)s  were  used.  The  mean  half-life  in  the  control  animals  was 
19  hours  and  was  not  significantly  different  in  either  experimental  group. 

RECENT  reviews  (1,  2)  of  work  carried  out  on  t lie  effects  of  cortisone 
and  corticotropin  on  tliyroid  function  Iiave  emphasized  the  consider¬ 
able  confusion  that  still  exists  as  to  mechanisms,  and  the  many  inconsist¬ 
encies  amoiifi;  results  from  studies  otherwi.se  similar.  Cortisone  is  known 
to  reduce  iodine  accumulation  by  the  thyroid  both  in  man  and  in  the  rat 
but  there  is  no  agreement  on  whether  this  represents  a  direct  action  on  the 
thyroid  itself,  or  interference  with  thyrotropin  .secretion  or  activity.  To 
help  solve  this  problem  measurements  have  been  made  of  gland  hormone 
relea.se  rates  which  are  known  to  be  sensitive  to  changes  in  circulating 
thyrotropin.  Re.sults  in  the  rat  have  been  conflicting.  Albert  et  a\.  (8)  and 
Perry  (4)  found  the  biological  decay  rate  of  accumulated  P^'  to  be  unal¬ 
tered  by  corticotropin  or  cortisone.  More  recently,  Brown-Crant  (o)  has 
reported  a  greatly  diminished  release  rate  in  rats  given  large  doses  of 
cortisone.  The.se  three  studie.s  were  carried  out  on  animals  with  unblocked 
glands.  “Release  rates”  were  therefore  modified  by  the  effect  of  cortisone 

Received  May  7,  1957. 

*  'Phis  investigation  was  supj)orted  in  part  Iw  grants  from  Tlie  Rockefeller  Founda¬ 
tion,  The  .Vmerican  Cynamid  Company,  and  the  United  States  Public  Health  Service 
(Grant  No.  A-612). 
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on  the  accumulation  of  recycled  I*®‘,  and  their  interpretation  rendered  un¬ 
certain.  Ingbar  and  Freinkel  (2)  have  demonstrated  a  reduction  by  corti¬ 
sone  in  rate  of  release  of  hormone  from  human  glands  blocked  by  methima- 
zole.  The  results  of  similar  studies  in  rats  are  presented  here. 

From  determinations  of  protein-bound  iodine  in  .serum  of  patients  with 
myxedema  treated  with  thyroxine  (6,  7)  and  more  recently  using  1**^- 
labelled  thyroxine  (8),  no  effect  of  corti.sone  or  corticotropin  on  peripheral 
degradation  of  thyroxine  could  be  demonstrated.  In  the  rat,  Bondy  and 
llagewood  (9)  found  an  increa.se  in  .serum  protein-bound  iodine  in  thy- 
roidectomized  animals  given  thyroxine  replacement  when  treated  with 
cortisone,  suggesting  a  slowing  of  peripheral  breakdown  or  excretion.  A 
re-investigation  of  this  problem  in  the  rat,  using  radioactive  thyroxine,  has 
also  been  undertaken. 


METHODS 

Rdensc  rates:  lOO-Kiain  Sj^iigue-Dawley  rats  were  used  in  ^roiiijs  of  (>  to  10.  Witli 
one  exception  the  diet  fed  was  Purina  Fox  (’how,  with  an  iodine  content  of  1200  tJ.". 
per  kilogram.  In  one  study  Ken-L  ration  was  used  containiicj;  230  of  iodine  per  kilo- 
u;rain.  Tracer  doses  of  I”'  were  calculated  to  jjive  a  nhiinl  content  of  2  to  3  inicrocuries 
at  40  hours  and  were  injected  subcutaneously.  With  the  low-iodine  diet  the  aveiage  uj)- 
take  was  12%,  and  a  2.5  fiv.  dose  was  used.  The  lii'iher  iodine  content  of  the  Purina  Fox 
Chow  uptakes  annind  0%  and  3.5  |ic.  were  necessary.  Then,  when  ajjpropriate, 

further  ui)take  was  blocked  by  a  subcutaneous  injection  of  n  nif;.  of  j)ropylthiouracil  in 
1.5%  pelatin,  followed  by  incorixuation  of  0.03%  of  tlie  druK  in  the  diet. 

(’ortisone  (Merck)  was  injected  subcutaneously  12  hourly  as  a  s»isj)ension  in  2. .5  inn- 
doses,  (’orticotropin  was  used  in  one  study  as  a  commercial  prepaiation  (Wil.son),  2.5 
units  12  hourly,  in  another  as  prej)ared  in  this  laboratory  by  |)urificati(»n  on  oxycellulo.se 
in  doses  of  00  units  in  arachis  oil  subcutaneously  12  hourly. 

Rates  of  release  of  accumulated  P”  were  followed  by  neck  counts  usiiiK  a  collimated 
scintillation  camnter.  Counts  were  carried  out  under  li.nht  ether  anaesthesia  and  i)ro- 
longed  sufhciently  to  reduce  ])robable  error  to  less  than  2%. 

With  each  study,  the  release  period  was  divided  into  two  |)arts,  a  control  and  an 
experimental,  during  each  of  which  over  40  to  (iO  hours  a  minimum  of  4  counts  were 
made.  The  ai)proi)riate  hormone  was  injected  during  the  experimental  iieriod. 

Peripheral  degradation :  200-2.50  gram  male  Si)rague-I)awley  rats  fed  on  Purina  Fox 
Chow  were  used.  Thyroid  block  was  established  as  before.  Twenty-five  microcuries  of 
thyroxine  I'”  in  a  0.3  ml.  volume  cfmtaining  approximately  0.0017  mg.  of  carrier  were 
injected  by  tail  vein  Samples  of  tail  tij)  blood,  0.1  ml.,  were  withdi  awn  4  hours  later  and 
at  aj)proximately  12-hour  intervals  over  the  following  72  hours.  Samj)les  were  counted 
in  a  well-type  scintillator.  Counts  were  i)rolonged  to  give  a  probable  error  of  less  than 
2%.  Levels  of  blood  radioactivity  were  expressed  as  a  percentage  of  the  4-hour  value. 
Three  groups  of  7  rats  were  used,  either  as  untreated  controls,  or  with  cortisone,  2.5 
mg.,  or  corticotropin  in  oil,  90  units,  1 2  hourly  by  subcutaneous  injection. 

RESULTS 

In  Table  1  appear  values  for  the  release  rates  during  control  and  experi¬ 
mental  periods  expressed  as  percentage  release  of  gland  I***  per  hour.  A 
preliminary  experiment  (No.  1)  was  carried  out  using  rats  with  unblocked 
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glands.  In  Experiments  2-5  propyl¬ 
thiouracil  was  used  throughout, 
commencing  at  the  end  of  the  40- 
iiour  uptake  period.  This  had  a  pro¬ 
nounced  effect  in  increasing  control 
rates  of  release  of  from  the  gland. 

No  significant  effect  of  corticotropin 
on  release  could  be  demonstrated.  A 
con.sistent  and  highly  significant  in¬ 
crease  in  release  rate  accompanied 
the  use  of  cortisone  in  each  of  three 
studies,  both  in  blocked  and  un¬ 
blocked  glands.  Figure  1  and  Table  2 
pre.sent  the  data  from  one  of  these. 

Three  further  experiments  were 
carried  out  in  an  attempt  to  eluci¬ 
date  this  unexpected  finding. 

Exfx  rimcnf  (t:  This  was  conducted 
as  in  Experiments  2-5  except  that 
no  hormone  injections  were  given 
during  ob.servation  of  relea.se  over  a 
12()-hour  period.  The  linearity  of  the  .semilogarithmic  plot  was  preserved 
and  no  .significant  difference  in  slope  could  be  demonstrated  l)etween  the 
portions  of  the  curve  ecpiivalent  to  control  and  experimental  periods  in  the 
previous  studies.  Percentage  release  of  1'^*^  averaged  2.37  per  hour  (SI) 
=  0,3).  The  lower  iodine  content  of  the  diet  fed  this  group  of  rats  for  5 
days  prior  to  study  probably  accounted  for  the  rather  higher  relea.se  rates 
than  during  control  periods  in  p]xperiments  2-5.  Increasing  rates  of  thyro¬ 
tropin  secretion  as  the  re.sult  of  falling  levels  of  circulating  thyroxine  fol¬ 
lowing  gland  blockade  could  not  explain  the  results  in  the  cortisone  studies. 

TaBI.E  1.  ShoWIXC.  HOVRI.Y  I’ERC'EXTACiE  RELEASE  RATES  OF  (il.AND  BF:F0RE  AND  AFTER 
TREATMENT  WITH  CORTirOTROPIX  AND  CORTLSOXE  WITH  A  .STATISTICAL  EXPRESSION'  OF 
THE  SKiNIFICAXt'E  OF  DIFFERENCES.  FiC.I  RES  IX  THE  COLCMN  HEADED  “MeaX 
DIFFERENCE  IX  RELEASE  RATEs”  REFER  TO  THE  MEAN  DIFFERENCES  BETWEEN 
SLOPES  OF  RELEASE  RATE  CCRVES  FOR  CONTROL  A.ND  EXPERIMENTAL 
PERIODS  IN  EACH  ANI.MAL  OF  A  OROI'P.  “P”  VALVES  EXPRESS  THE 
SIC.NIFICAN'CE  OF  THESE  MEANS 


Fxperiment  (No.) 

No. 

of 

rats 

Hourly  percentage 
release  rates 

Control  Kxperimental 

Mean 

(litTerence  in 
relea.se  rates 

Significance  of 
differences 

Cortisone 

(1) 

7 

().<)() -f  0.18*  1.28+0.28* 

0.37+0.12* 

0.01  >p>0.001 

Corticotropin 

(2) 

(i 

1.08+0.70  2.70+0.83 

0.50  +  1  .2 

0.3>p>0.2 

Corticotropin 

(3) 

t) 

2.20+0.40  2. .54+0. 80 

0.35+0.48 

0.2>p>0. 1 

Cortisone 

(4) 

(> 

1.04 +0.00  3.30+0. .51 

1  .7.5  +  1  .73 

0.001  >p 

Cortisone 

(5) 

(> 

1.84+0.12  3.50  ±0.77 

1.74  +0.73 

0.01  >p>0.001 

Fid.  1.  Results  of  Kxpcriineiit  n,  show- 
iiiif  the  increase  in  release  rate  of  ^lanrl  1'^' 
produced  b}'  cortisone. 
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Table  2.  (livixc  data  from  experiment  5  shown  (iRAPHiCALLY  in  Fic.rRE  1.  Vali  es 

FOR  OLAND  I”'  ARE  AVERAIiED  FOR  ()  RATS  WITH  STANDARD  DEVIATIONS 


Time*  in  hours 

0 

12  23.5 

38  52 

52  63 

81.5 

94 

(tland  as  por- 

Fontago  of  initial 
content 

1(K) 

84.1  ±8.0  67.3  ±11.7 

5.3.21 4.(1  .38.112.9 

(’ortisonc  ■ 

started  24.5  ±3.7 

14.113.0 

,8.513.7 

Experiment  7:  Tlie  effect  of  cortisone  on  the  action  of  thyrotropin  in 
the  tliyroid  was  investigated.  Tliree  groups,  each  of  6  rats,  were  used. 
(Jlands  were  lalielled  and  blocked  as  previously.  One  control  group  was 
observed  without  further  treatment.  The  other  rats  each  received  1 
r.S.P.  unit  of  thyrotropin  at  0  and  8  hours  after  starting  prophylthiouracil. 
In  addition,  one  group  received  corti.sone,  5  mg,  0  hours  prior  to  the  first 
injection  of  thyrotropin,  and  2.o  mg.  with  the  .second.  The  re.sults  are 
shown  in  Figure  2.  Cortisone  did  not  further  accelerate  the  release  of  I‘*‘ 
induced  by  thyrotropin. 

Experiment  S:  A  study  was  made  of  the  direct  effects  of  cortisone  on  the 
relea.se  mechanism  in  the  ab.sence  of  thyrotropin.  Ten  rats  were  given 
tracer  do.ses,  hypophysectomized  40  hours  later,  their  glands  blocked  and 


TIME  IN  HOURS  TIME  IN  HOURS 


Fig.  2.  Results  of  Experiment  7,  show-  Fig.  3.  Results  of  Experiment  8;  the 
ing  the  failure  of  cortisone  to  influenee  the  effect  of  cortisone  on  release  of  gland  I’’* 
effect  of  thyrotrojiin  on  release  rate.  in  hypophysectomized  animals. 

neck  counts  performed  at  23  to  3()-hour  intervals.  Virtually  no  release  of 
1131  occurred  over  a  3-day  period.  At  74  hours  after  starting  propylthiouracil 
the  glands  contained  an  average  of  97%  of  the  tracer  P®*.  Corti.sone  was 
started.  Subsequent  average  counts  were:  90%  at  110  hours,  86.6%  at 
139  hours,  81.4%  at  173  hours,  and  77.1%  at  207  hours,  repre.senting  an 
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iiiimeiliate  and  significant  increase  in  rate  of  release  (0.02  >p  >0.01). 
The  effect  is  apparent  graphically  in  Figure  3. 

In  the  .studies  >on  peripheral  degradation  of  thyroxine,  no  significant 
differences  could  he  demonstrated  between  the  experimental  and  control 
groups  in  the  rates  of  fall  off  of  circulating  P®'  (for  cortisone  p>0..5,  for 
corticotropin  p>0.4).  Blootl  levels  diminished  as  a  single  exponential  func¬ 
tion  with  time.  Average  half-lives  were  as  follows: — control  10.0  hours, 
SD  =  1.4,  cortisone  18.2  hours,  SI)  =  2.0,  corticotropin  18.8  hours,  SI)  =  1 .0. 

Discussion:  The  rapid  rate  of  release  of  hound  thyroidal  P'**  in  rats 
treated  with  propylthiouracil,  the  limitation  of  tracer  do.se  necessary  to 
avoid  gland  damage,  and  the  advi.sahility  of  u.sing  each  animal  as  its  own 
control  made  prolonged  observations  impossible.  The  data  definitely  in¬ 
dicated,  however,  a  considerable  and  highly  significant  increase  in  release 
rate  associated  with  cortisone  do.sage.  The  physiological  .significance  of  the 
effect  is  uncertain,  in  view  of  the  large  do.ses  u.sed  and  the  failure  to  produce 
a  similar  effect  with  corticotropin.  The  results  are  in  conflict  with  tho.se  of 
Perry  (4),  Albert  et  al.  (3),  and  Brown-Clrant  (o),  as  previously  de.scribc'l. 

The  mechanism  for  this  effect  is  obscure.  Experiment  7  revealed  no 
augmenting  of  thyrotropin’s  action  by  corti.sone.  A  direct  effect  of  the 
steroid  on  the  thyroid  cell  may  play  a  part,  as  suggested  by  Experiment  8, 
but  judging  by  the  limited  relea.se  rate  initiated  in  that  study,  is  unlikely 
to  be  the  main  factor.  A  third  alternative  would  be  an  increase  in  thyro¬ 
tropin  secretion  by  the  action  of  corti.sone  on  the  hypophysis. 

There  is  some  support  for  such  a  po.ssibility  in  the  literature  llalmi 
and  Barker  (10)  treated  rats  with  similar  do.ses  of  corti.sone  over  a  20-day 
period,  and  found  histological  evidence  for  hypersecretion  of  thyrotropin, 
l)oth  in  pituitary  and  in  the  thyroid  gland,  in  the  ab.sence  of  a  fall  in  serum 
protein-bound  iodine.  D’Angelo  ef  al.  (11)  found  propylthiouracil  goitro- 
gencsis  in  rats  to  be  enhanced  by  an  18-day  course  of  cortisone,  while 
thyrotropin  tit  res  in  plasma  were  increa.sed.  Against  such  a  mechanism 
is  the  fact  that  corti.sone  appears  to  have  no  effect  on  the  thyroid  serum 
concentration  gradient  for  iodide  (12,  13),  a  facet  of  thyroid  function 
known  to  be  sensitive  to  variations  in  circulating  thyrotropin. 
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EFFECT  OF  RESKRPIXE  ON  THE  HISTOCHEMISTRY  AND 
('ONTENT  OF  ADRENALINE  AND  NORADRENALINE 
IN  THE  ADRENAL  MEDULLA  OF  THE 
RAT  AND  THE  MOUSE 

OLAVI  ERANKQi  and  VAINO  IIOPSU 

Ihpnrtmevt  of  Anatomy,  Vnivemity  of  Helsinki,  Siltavuoreiipenger,  Helsinki,  Finland 

ABSTRACT 

Male  rats  and  mice  were  injected  with  1-9  daily  doses  of  reseri)ine.  Ad¬ 
renaline  and  noradrenaline  contents  of  the  adrenals  were  determined  chemi¬ 
cally,  and  their  distributions  histochemically,  usins  the  chromafhn  reaction  for 
both  amines  and  the  calcium-formol-induced  fluorescence  and  the  iodate 
reaction  for  noradrenaline. 

In  the  rat,  a  single  reseri)ine  injection  of  0.2,5-0.5  mg.  causes  in  24  hours  a 
selective,  i)ronounced  loss  of  noradrenaline  from  the  sjjecific  medullary  cell 
islets  but  does  not  influence  the  adrenaline  content.  The  effect  is  abolished  by 
denervation.  Prolonged  treatment  causes  a  total  loss  of  both  amines. 

In  the  mouse,  the  contents  of  both  adrenaline  and  noradrenaline  decrease 
equally  after  a  single  injection  of  1 .0  mg.  of  reserpine,  and  a  ])ronounced  loss  of 
both  amines  follows  4-0  daily  injections  of  0.1  mg. 

\  T^IDE  clinical  use  of  reserpine  has  prompted  several  experimental  in- 
V  V  vestigations  on  this  drug.  However,  to  our  knowledge  only  a  few 
studies  have  been  published  on  the  effect  of  reserpine  on  the  catechol  amine 
content  of  the  adrenal  medulla.  Ilolzbauer  and  Vogt  (1)  injected  cats  in- 
Iraperitoneally  or  intra-arterially  with  0.4-0. 7  mg.  kg.  of  re.serpine,  and 
observed  24  hours  later  a  decrease  in  the  catechol  amine  content  of  tlie 
adrenal  medulla.  The  total  depletion  varied  from  28  to  88%,  and 
adrenaline  and  noradrenaline  were  equally  affected.  Cutting  of  the  splancli- 
nic  nerve  prevented  the  effect.  Carls.son  and  Hillarp  (2)  observed  in  the 
rabbit  a  total  loss  of  catechol  amines  from  the  adrenal  medulla  after  an 
intravenous  re.serpine  injection  of  o  mg.  kg.  Denervation  was  reported  not 
to  prevent  this  effect  of  reserpine. 

It  seemed  to  be  of  interest  to  investigate  the  effect  of  reserpine  on  the 
adrenal  medulla  of  rats  and  mice.  This  paper  describes  sucli  a  study,  in 
which  attention  is  paid  not  only  to  the  amounts  but  also  to  the  distribu¬ 
tions  of  adrenaline  and  noradrenaline  in  the  adrenal  medulla. 
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MATERIALS  AND  METHODS 

Experimental 

These  exi)eriments  involved  65  male  lats,  as^ed  2-3  months  and  weinhiiiK  140- ISO 
ftm.,  and  53  male  miee  about  2  months  of  age.  weighing  15-20  gm.  The  dosage  of  re- 
serpine  is  shown  in  Tables  1-3  and  in  Figure  S.  The  injections  were  given  subcutaneously. 
The  control  animals  were  left  untreated.  All  animals  were  killed  by  decapitation  with 
sharp  scissors  24  hours  after  last  injection,  unless  otherwise  mentioned. 

'i'he  left  adrenals  of  16  rats  were  denervated  by  severing  the  sjjlamdinic  nerve  im¬ 
mediately  below  the  diaphragm.  In  addition,  a  part  of  the  adipose  tissue  above  the  left 
adrenal  was  removed,  avoiding  damage  to  the  blood  vessels.  The  reserpine  injections 
were  given  to  the  unilaterally  denervated  animals  c.  10  <lays  after  denervation. 

Determination  of  the  catechol  amines 

The  rat  adrenals  were  frozen  fresh  and  cut  at  .50  p  with  a  freezing  microtome.  Some 
sections  were  freeze-dried  at  —40°  C.  others  were  used  for  the  study  of  the  fluorescent 
islets,  as  will  be  described  later.  'I'he  medullary  i)art  of  the  freeze-dried  sections  was 
removed  by  microdissection.  The  i)ieces  were  then  weighed  and  applied  to  the  base  line 
of  chromatograi)hy  paper.  .Vfter  chromatographic  separation,  adrenaline  and  nor¬ 
adrenaline  were  (piantitatively  determined  by  fluorometry  (3). 

.Mouse  adrenals  were  smeared  as  a  whole  directly  on  the  baseline  of  the  chromatogra- 
I)hy  paper  and  extracted  with  N,  10  hydrochloric  acid.  ('hromatogra|)hic  separation  and 
determination  of  the  two  amines  was  then  made  as  mentioned  above. 

The  chromaffin  reaction 

'I'he  right  adrenal  was  immersed  immediately  after  killing  in  a  mixture  of  1  volume 
of  commercial  formalin  and  99  volumes  of  3.5%  potassium  dichromate,  .\fter  24  hours 
the  mixture  was  re|)laced  by  10%  formalin.  Frozen  sections  were  cut  at  .50  p,  and  these 
were  mounted  in  glycerol. 

llistochemical  demonstration  of  noradrenaline 

Some  fresh-frozen  sections  from  the  same  glands  used  for  chemical  determination 
were  transferred  frozen  in  a  mixture  containing  1  volume  of  concentrated  formalin,  ke])t 
over  calcium  carbonate,  ami  4  volumes  of  2%  anhydrous  calcium  chloride,  .\fter  fixation 
for  2-()  hours  these  sections  were  mounted  in  glycerol  and  examined  for  fluorescence  in 
idtraviolet  light  (4). 

For  the  iodate  reacticn.  whole  left  adrenals  were  i)lunged  into  a  saturated  reagent  of 
))otassium  iodate  for  24  hours  (.5),  then  fi.xed  in  10%  bumalin  and  cut  at  .50  p  with  a 
freezing  ndcrotome.  The  sections  were  mounted  in  glycerol  and  examined  in  visible 
transmitted  light. 

^’[  (‘vious  studies  suggest  that  the  cells  fluorescing  after  calcium-formol-treatment  and 
those  stained  brown  by  iodate  are  the  nora<lrenaline-containing  cells  of  the  adrenal 
me<iulla.  while  a  i)ositivc  chromaffin  reaction  is  given  by  both  adrenaline-containing 
and  noradrenaline-containing  parenchymal  cells  of  the  medulla. 

Statistical  anali/sis 

'I'o  com])are  the  significance  of  the  t)bserve<l  differences.  “Stmlent’s”  t-test  was  used. 

RESULTS 

Effect  of  reserpine  on  the  rat  adrenal  medulla 

The  oliservation.s  made  u.sing  the  chromaffin  reaction  and  the  iodate  re¬ 
action  are  summarized  in  Table  1.  In  animals  killed  4.5  hours  after  the 
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I  serpine  injection,  no  histochemical  changes  were  detected,  even  after  the 
I  iiormous  dose  of  10.0  mg.  After  24  hours,  doses  smaller  than  0.1  mg.  also 
ji  id  no  noticeable  effect.  A  single  dose  of  0.2o  or  0..)0  mg.  of  reserpine 
(  tused  in  24  hours  a  disappearance  of  the  iodate-positive  cell  islets  (see 
:iiso  Figs.  1  and  2).  In  the  .sections  treated  for  the  chromaffin  reaction,  a 
1  :own  color  was  seen  after  .such  injection  in  most  of  the  medullary  cells 
1  lit  some  cell  groups  were  colorle.ss.  The  observations  suggest  that,  in  the 
l  it,  re.serpine  cau.sed  a  .selective  depletion  of  noradrenaline  l)ut  had  little 
( iVect  on  the  adrenaline-secreting  cells. 

Also  in  the  adrenals  taken  from  animals  injected  for  several  days  with 
K'serpine  the  noradrenaline  cells  were  iodate  negative  (Fig.  8).  In  addition, 
;i  widespread  depletion  of  the  chromaffin-po.sitive  materials  was  .seen  in 
Miimals  injected  for  9  days  with  a  dose  of  0.1  mg.,  indicating  a  loss  of 
adrenaline.  After  8  daily  injections  of  1.0  mg.  of  re.serpine,  all  me. lullary 
cells  were  entirely  chromaffin  negative  (cf.  Figs.  4  and  ii).  This  dose  was 
\ery  toxic,  as  indicated  by  the  high  mortality. 

Observations  made  u.sing  the  formalin-induced  fluorescence  for  the 
(lemon.st ration  of  the  noradrenaline  cells  were  in  agreement  with  other 


Fig.  1.  .Vdrenal  medulla  of  a  control  rat.  Iodate  reaction,  no  counterstain.  Photo¬ 
graphed  at  40.50  .\  in  transmitted  lisht.  The  iodate-positive  cell  islets  are  clearly  visible, 
the  red  blood  cells  black.  Magnification  X190. 

Fig.  2.  .Vdrenal  medulla  of  a  rat  injected  with  0.2,5  m^!;.  of  reserpine  and  killed  after 
24  hours.  Technique  as  in  Fi<;.  1.  There  is  an  almost  complete  loss  of  iodate-positive 
materials.  Magnification  XIOO. 

Fig.  3.  .\drenal  medulla  of  a  rat  injected  with  0.1  m^.  of  reserpine  for  9  days.  Tech¬ 
nique  as  in  Fig.  1.  Only  the  red  blood  cells  are  visible.  Magnification  X190. 
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Table  1.  Kefe«’t  of  si  bci  taxeoi’s  reserfine  injections  ox  the 

HISTOCHEMISTRY  OF  RAT  ADRENAL  MEDCLLA 


Number  Time 
of  of 

animals  killiiif:' 


None 
(1.1-10.0 
0.001  0.1 
0.25-0.O0 


('hromaffin  reaction 
(adnuialiiH-  +  noradrenaline) 

.\11  parenchymal  cells  +  +  + 
.\11  parenchymal  cells  +  d-  + 
.\11  iiarenchymal  cells  +  + + 
Main  bulk  +  +  +,  some  cell 
islets  — 

Half  of  medulla  — ,  several 
cell  islets  + 


lodate  reaction 
(noradrenaline) 


Numerous  cell  islets  +  + 
Numerous  cell  islets  -j- -j- 
Numerous  cell  i.slets  -)- + 
All  cells  - 


'  Hours  after  (last)  injection. 

*  One  injection  daily. 

’  Only  2  of  the  10  injected  rats  survived. 

(lata  and  showed  a  loss  of  fluorescence  after  injection  of  reserpine  (Figs.  0 
and  7). 

Quantitative  determinations  of  adrenaline  and  noradrenaline  were  made 
of  glands  from  unilaterally  denervated  rats  only.  The  results  are  illustrated 
in  Figure  8.  It  shows  that  doses  of  0.1-0.5  mg.  of  reserpine,  injected  daily 
for  1-3  da  vs,  did  not  cause  anv  difference  in  the  adrenaline  concentration 


Fig.  4.  Adrenal  meilulla  of  a  control  rat.  Chromaffin  reaction.  Photoj2;raphed  at 
4050  .4  in  transmitted  lij(ht.  All  parenchymal  cells  are  stron>(ly  positive.  Magnification 
X190. 

Fig.  5.  .\drenal  medulla  of  a  rat  injected  with  1.0  nif^.  of  reserpine  for  8  days.  Tech- 
niipie  as  in  Fij;.  4.  'I'he  chromaffin  reaction  of  the  parenchymal  cells  is  negative,  only  red 
blood  cells  are  visible.  Mayjnification  XI 00. 
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Fig.  6.  Adrenal  medulla  of  a  normal  rat  (the  same  animal  as  that  in  Fi}f.  1).  Fluo¬ 
rescence  ])hotomicro}j;raph  taken  after  fixation  in  calcium-formalin  solution.  The  fluo¬ 
rescent  cell  islets  are  clearly  visible.  Red  blood  cells  deep  black.  Magnification  XI 90. 

Fig.  7.  Adrenal  medulla  of  a  rat  injected  with  0.25  nu>;.  of  reserpine  and  killed  after 
24  hours  (the  same  animal  as  that  in  Fig.  2).  Techniipie  as  in  Fig.  (i.  The  fluorescence 
has  almost  completely  disappeared.  Magnification  X190. 

of  tlie  adrenal  medulla  of  the  innervated  and  the  denervated  gland.s.  The 
adrenaline  concentrations  vary  within  normal  limits  in  both  ca.ses.  On  the 
other  hand,  the  noradrenaline  concentration  was  decreased  in  most  intact 
adrenals  of  the  animals  injected  with  0.2  or  0.5  mg.  of  reserpine,  although 
no  clear  effect  was  obtained  with  3  daily  injections  of  0.1  mg.  of  re.serpine. 

Kffcct  of  reserpine  on  the  mouse  adrenal  medulla 

The  histochemical  data  are  briefly  presented  in  Table  2.  Twenty-four 
liours  after  a  single  injection  of  0.04-0.05  mg.,  .some  decrease  in  the  in¬ 
tensity  of  the  iodate  reaction  and  in  that  of  the  chromaffin  reaction  of  some 
medullary  cell  groups  were  observed,  while  lower  iloses  were  without 
any  observable  effect.  A  .single  injection  of  1.0  mg.  cau.sed  a  distinct  lo.ss 
of  chromaffin-po.sitive  materials  from  mo.st  medullary  cells,  and  the  inten.s- 
ity  of  the  iodate  reaction  was  decrea.sed  in  many  cell  islets.  However, 
several  strongly  iodate-positive  and  chromaffin-positive  cell  groups  were 
"till  pre.sent.  Because  at  least  some  lo.ss  of  chromaffin-positive  material  was 
observed  in  the  majority  of  medullary  cells,  of  which  some  normally  contain 
adrenaline,  some  others  noradrenaline,  the  histochemical  ob.servations  sug- 
ge.st  that  reserpine  cau.sed  a  loss  of  both  adrenomedullary  catechol  amines. 
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I'ahi.k  2.  K|''ke<  t  <)k  si  BcrTANEors  reseri-ixe  ixjectioxs  ox  the 

HISTOCHEMISTRY  OK  MOI  SE  ADREXAI.  MEDILLA 


i 

(mg.) 

N  umher ' 
of 

animals 

Time 

of 

killing;' 

C'hromaffin  reaction  ! 

(adrenaline  -|- noradrenaline) 

Iodate  reaction 
(noradrenaline) 

None 

7 

.-Ml  parenehvmal  cells  + -f -f- 

Numerous  cell  islets 

0.001  0.02 

4 

24 

.Ml  parenelivinal  eells  -f- 

Numerous  cell  islets  -f- -f- 

0.04-0.5 

7 

24 

.Most  parenehvmal  cell.-.:  +  +  +, 

Numerous  cell  islets  -f-  oi 

some  cell  islets  -|-  or  — 

+  + 

1  .0 

5 

24 

.Most  eells  +  -h,  some  cell  islets 

Numerous  cell  islets  -f-  oi 

+  +  + 

+  + 

5X0.  P 

8 

24 

Half  of  medulla  —  ,  cell  islets  -j- 

All  cells  - 

or  -|-  -|- 

0X0.1 

5 

24 

Half  of  medulla  — ,  cell  islets 

All  cells  - 

-f-  or  -t-  -t- 

‘  Hours  after  (last)  injection. 
*  One  injection  daily. 


Daily  injections  of  0.1  mg.  of  reserpine  for  5-0  days  cau.sed  a  complete 
disappearance  of  tlie  iodate  reaction  from  the  medulla.  Ai)out  ^  of  the 
medulla  showed  a  negative  chromaffin  reaction  hut  the  remaining  cells, 
which  formed  small  cell  islets  in  the  medulla,  were  still  stained  brown, 
although  less  so  than  normal  parenchymal  cells.  These  oh.servations  seem  to 
show  that  not  only  most  noradrenaline  hut  also  most  adrenaline  had  dis¬ 
appeared  from  the  adrenal. 

Results  of  the  two  experiments  in  which  (piantitative  determinations 
were  made  are  shown  in  Table  3.  In  agreement  with  the  histochemical 
observations,  a  loss  to  about  one  half  in  both  the  adrenaline  content  and 
the  noradrenaline  content  was  found  24  hours  after  administration  of  1  mg. 
of  reserpine.  Repeated  injections  of  0.1  mg.  of  re.serpine  also  cau.sed  a  lo.ss  of 
both  adrenaline  and  noradrenaline.  The  content  of  noradrenaline  was  so 
low  that  it  can  be  readily  understood  that  no  positive  iodate  reaction  was 
.seen  in  the  histochemical  experiment  in  which  the  .same  do.se  was  used.  The 
small  amount  of  noradrenaline  left  was  probably  mainly  present  as  a 
precursor  in  the  adrenaline-secreting  cells  of  the  medulla,  which  are  more 
numerous  than  the  noradrenaline-secreting  cells  and  which  thus  probably 
contained  a  concentration  of  noradrenaline  low  enough  to  be  below  the 


TaBI.E  3.  l^KKECT  OK  .Sl  BCI  TAXEOrH  RE.SERPIXE  IXJECTIOXS  OX  THE 
CATECHOI.  A.MIXE  COXTEXT  OK  MOI  SE  ADREXAI. 


Dosage  i 

Number 

of 

.\drenaline 

(Mg.) 

r 

Noradrenaline  ' 
(Mg.) 

r 

animals 

.Mean  SI) 

Mean 

SI) 

None 

4 

4.75  0.03 

0.001 

2.05 

0.02 

0.001 

1X1 .0  mg. 

i  4 

2.10  0.00 

1 

1.11 

0.04  1 

N  one 

4 

8.40  2.30 

0.001 

4.23 

1  .05 

0.001 

4-5  X  0.1  mg. 

5 

0.44  0.02 

0.04 

0.02 
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Fig.  S.  (’oiuparison  of  catechol  amine  concenti  ations  in  innervated  and  in  denervated 
adrenals  after  reserpine  treatment.  Concentrations  e.\|)ressed  as  %  of  dry  medullary 
tissues.  Scales  lo.faiithmic.  Each  circle  represents  value  for  one  rat. 

threshold  of  the  histoeliemieal  method.  Tliat  some  ehromaffio-po.sitive  eell 
groups  were  seen  in  the  histoeliemieal  studies  after  repeated  injeetions  of 
0.1  mg.  of  reserpine,  although  ehemieal  determinations  indieated  an  almost 
eomplete  lo.ss  of  adrenaline  after  similar  treatment,  ean  he  explained  either 
hy  differenees  in  the  responses  in  the  two  experiments  or  hy  assuming  that 
the  small  amount  of  adrenaline  was  concentrated  in  relatively  few  adren- 
aline-.secreting  cells. 

It  should  he  pointed  out  that  the  chemical  oliservations  made  were 
statistically  highly  significant  although  the  numher  of  animals  u.sed  was 
small.  Therefore,  and  .since  the  histoeliemieal  oh.servations  were  essentially 
in  agreement  with  the  quantitative  determinations,  it  seems  safe  to  con¬ 
clude  that  re.serpine  causes  in  the  mou.se  adrenal  a  lo.ss  of  both  adrenaline 
and  noradrenaline.  Some  efforts  were  made  to  induce  a  complete  depletion 
of  the  medullary  catechol  amines  hy  means  of  repeated  injections  of  larger 
re.serpine  doses.  These  efforts  remained  unsuccessful,  however,  because  the 
mice  died  before  more  marked  effects  on  the  adrenal  catechols  was  ob¬ 
tained. 
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DISCUSSION 

The  present  study  shows  that  reserpine  causes  a  loss  of  adreiiomedullai y 
catechols  from  the  adrenal  medulla  of  the  rat  and  the  mouse,  in  agreement 
with  earlier  oliservations  on  the  cat  (1)  and  on  the  ral)i)it  (2).  With  regard 
to  the  catechol  amines  affected,  the  results  vary  from  one  species  to 
another.  Thus,  Holzhauer  and  Vogt  (1)  observed  in  the  cat  adrenal  a  loss 
of  both  adrenaline  and  noradrenaline  after  reserpine  injection,  and  we  ob¬ 
served  a  similar  loss  in  the  mouse  adrenal.  In  the  rat,  on  the  other  hand,  a 
single  injection  caused  a  selective  loss  of  noradrenaline,  the  adrenaline 
content  remaining  unaffected.  In  the  rabbit  Carlsson  and  Ilillarp  (2)  found 
a  complete  depletion  of  adrenaline  from  the  adrenal  medulla. 

These  differences  are  not  likely  to  lie  due  to  different  methods  of  treat¬ 
ment  or  of  catechol  analysis.  This  is  evident  from  the  recent  work  by 
Ilolzbauer  and  Vogt  (b),  of  which  we  became  aware  through  a  personal 
communication  by  Dr.  Vogt  after  the  present  study  was  completed.  Ilolz¬ 
bauer  and  Vogt  found  in  agreement  with  our  observations  that  an  intra- 
peritoneal  reserpine  injection  decreases  the  noradrenaline  content  of  the 
rat  adrenal  without  influencing  the  adrenaline  content  and  that  reserpine 
causes  a  great  lo.ss  of  adrenaline  from  the  rabbit  adrenal,  as  was  earlier 
demonstrated  by  Carlsson  and  Hillarp  (2). 

It  thus  seems  clear  that  animals  of  different  species  respond  in  a  different 
way  to  a  reserpine  injection,  as  far  as  the  adrenaline  and  noradrenaline  loss 
is  concerned.  Why  this  is  so,  is  difficult  to  say,  particularly  since  differences 
were  also  seen  in  the  responses  of  the  rat,  on  the  one  hand,  and  the  cat  and 
the  mouse,  on  the  other,  although  all  these  animals  have  separate,  specif¬ 
ic  cell  groups  for  the  secretion  of  noradrenaline,  in  contrast  to  the  rablut, 
in  whose  adrenal  medulla  all  parenchymal  cells  are  similar  containing,  and 
presumably  secreting,  almost  only  adrenaline. 

Selective  depletion  of  noradrenaline  by  reserpine  from  the  rat  adrenal 
is  a  particularly  interesting  phenomenon.  Because  the  loss  was  restricted, 
as  was  shown  liy  the  hi.stochemical  observation,  to  the  specific  adreno- 
medullary  islets  containing  noradrenaline,  and  because  denervation  pre¬ 
vented  at  least  most  of  the  reserpine-induced  loss,  it  is  possible  that  the 
noradrenaline  cell  islets  are  innervated  by  fibers  from  higher  centers  which 
are  more  sensitive  to  reserpine  than  the  centers  from  which  the  fibres  in¬ 
nervating  the  adrenaline  cells  originate.  In  this  connexion  it  is  of  interest  to 
note  that  Muscholl  and  Vogt  (7)  recently  reported  a  selective  loss  of  nor¬ 
adrenaline  from  the  cervical  .sympathetic  ganglion  of  rabl)its  injected  with 
reserpine. 

Prolonged  administration  of  large  do.ses  of  re.serpine  was  in  our  experi¬ 
ments  followed  by  disappearance  of  all  histochemically  demon.strable 
catechols  from  the  rat  adrenal  but  failed  to  do  so  in  the  mou.se.  Con.sider- 
ing  that  the  dosage  was  large  enough  to  kill  8  out  of  the  10  rats,  this  (’ep’e- 
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lion  may  well  have  been  clue  to  a  iioii-speeifie  proloufiic'cl  stress  rather  than 
'.()  a  spe(*ifie  effect  of  reserpine.  In  the  ralibit,  the  cat  and  the  mouse  reser- 
!)ine  apparently  causes  in  a  more  specific  way  the  depletion  of  adrenaline. 

Species  differences  exist  also  with  regard  to  the  effect  of  denervation  on 
the  response  to  reserpine.  Thus,  in  the  cat  (1)  and  in  the  rat  (the  present 
work)  the  denervated  adrenal  was  found  to  be  little,  if  at  all,  influenced 
by  reserpine,  while  in  the  rabbit  Carls.son  and  Hillarp  (2)  observed  no  dif- 
ierence  in  the  response  of  the  denervated  adrenal.  Holzbauer  and  Vogt  (O), 
however,  found  that  although  re.serpine  decreases  the  adrenaline  content 
of  the  denervated  adrenal  of  the  rabbit,  the  loss  is  smaller  than  that  in 
the  contralateral  intact  adrenal.  Both  in  the  cat  experiments  made  by 
Holzbauer  and  Vogt  (1)  and  in  ours  with  rats  all  unilaterally  denervated 
animals  were  injected  with  reserpine.  Therefore,  a  .slight  loss  of  catechols 
which  may  have  been  caused  by  reserpine  even  in  the  denervated  glands 
could  not  be  detected.  Such  a  lo.ss,  if  existing,  was  small  as  compared  with 
the  loss  from  the  innervated  gland.  Therefore,  it  may  safely  be  concluded 
that  this  effect  of  re.serpine  is  principally,  if  not  entirely,  mediated  through 
the  splanchnic  nerve  in  the  cat  and  the  rat.  Why  this  is  not  so  in  the  rabbit, 
remains  to  be  seen. 
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ABSTRAC'T 

The  intravenous  administration  of  20  mu  or  50  mu  of  ACTH  in  hyi)oi)liy- 
seetomized  rats  or  “stress”  in  the  intact  rat  produces  an  increase  in  the  amount 
and  concentration  rtf  ascorbic  acid  in  blood  collected  from  the  adrenal  vein  by 
direct  cannulation.  I’nder  the  influence  of  ACTH,  the  amount  of  ascorbic  acid 
f(Uin<l  in  adrenal  venous  blood  could  account  for  that  which  disappeared  from 
the  adrenal,  but  under  “stress”  more  ascorbic  acid  disajrpeared  from  tbe 
adrenal  than  could  be  found  in  the  adrenal  venous  blood.  The  procedure  assct- 
ciated  with  the  cannulation  of  the  adrenal  vein  and  the  collection  of  adrenal 
venous  blood  caused  a  lar^e  rise  in  the  circulatiiii?  levels  of  ascorbic  acid  even 
though  the  pituitary  and  adrenals  had  been  effectively  removed. 

PRELIMINARY  data  reported  earlier  l>y  Munson  and  Briggs  (1) 
showed  that  adrenocorticotropic  hormone  (ACTH)  increased  tlie  con¬ 
centration  of  ascorbic  acid  in  adrenal  venous  blood.  The  following  report 
pre.sents  additional  experiments  showing  that  ACTH  or  “.stress”  increases 
adrenal  venous  ascorbic  acid  concentration  and  attempts  to  evaluate 
whether  or  not  the  drop  in  adrenal  ascorbic  acid  is  equivalent  to  the  rise  in 
adrenal  venous  ascorbic  acid. 

METHODS 

.Vdult  male  albino  rats-  wei'jhinj'  .3.50-4.50  gm.  were  used.  Hvpophysectomy  was  per¬ 
formed  by  the  parapharyngeal  route  20-24  hours  before  each  experiment.  Before  can¬ 
nulation  of  the  adrenal  vein  the  rats  were  anesthetized  with  sodium  j)entobarbital. 
long  midline  incision  was  made  and  all  obscuring  viscera  were  radically  dis|)laced  to 
make  the  left  adrenal  vein  accessible.  .V  small  glass  cannula  was  introduced  directly  into 
the  adrenal  vein.  To  ])revent  clotting  000  units  of  heparin  were  injected  intravenously 
3  minutes  before  cannulation. 

'I'he  effect  of  .\('TH  on  adrenal  ascorbic  acid  and  on  adrenal  vemms  ascorbic  acid 
was  measured  in  the  following  manner.  The  right  ailrenal  was  removed  before  injection 
of  .VCTH.  .\ftei’  the  left  adrenal  vein  had  been  successfully  cannulated  the  dose  of 
.\CTII  was  administered  intravenously  into  the  femoral  vein.  The  adrenal  vein  blood 
was  collected  for  20-.30  minutes  (,2-3  ml.  of  blood).  .\  sample  of  cardiac  blood  was  taken 
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Fig.  1.  Effect  of  AC’TH  on  the  difference  between  adrenal  venous  and  cardiac  plasma 
ascorbic  acid  concentrations.  (  )  indicates  nnml)er  of  animals  in  each  f^ronp.  Vertical 

l)ars  indicate  ±  one  standard  error.  The  “stressed”  rats  were  not  hypoj)hysectomized. 


at  the  end  of  the  experiment  and  the  left  adienal  was  removed.  The  decrease  in  the 
amount  of  ascorbic  acid  in  the  adrenal  was  calcnlated  from  the  difference  in  ascorl)ic 
acid  concentration  in  the  ri^ht  and  left  adrenals  and  the  wec^ht  of  the  left  adrenal. 

.Vscorbic  acid  was  determined  by  reduction  of  indojjhenol  at  j)H  4.2  (2)  or  by  the 
dinitrophenylh\  <lrazine  reaction  (3).  .\  filtrate  of  the  adrenal  glaml  homof>;enized  in  2.5% 
metaphosi)horic  acid  and  filtered  with  MunkteH’s  00  filter  i)ai)er  was  use<l  to  determine 
adrenal  ascorbic  acid.  A  protein  free  solution  of  plasma  was  obtained  for  estimation  of 
plasma  ascorbic  acid  either  with  15%  trichloracetic  acid  (T(’.\)  — 1%,  metaphosphoric 
.acid  or  10%  metaphosphoric  acid  and  95%  ethanol  at  —  N°  (’. 

The  desired  dose  of  ACTH  was  dissoh'ed  in  1  cc.  of  a  0.9%  NaCl  solution  in  0.01  X 
IK’l  (acid  saline)  and  injected  slowly  into  the  e.xposed  femoral  vein.  Similar  injections 
of  acid  saline  were  made  in  the  control  animals.  Either  the  Provisional  U.S.P.  Cortico¬ 
tropin  Reference  Standard  or  the  U.S.P.  Cortic(»tropin  Reference  Standard  was  used. 

RESULTS 

I\(fect  of  ACTH  or  Stress  on  Adrenal  Venous  Ascorbic  Acid 

Tlie  concentration  of  adrenal  venous  ascorbic  acid  was  measured  follow¬ 
ing  injection  of  acid  saline  (control),  20  mu  ACTII,  oO  mu  ACTH,  or  fol¬ 
lowing  stress*  and  compared  with  the  a.scorbic  acid  concentration  of  cardiac 
blood  obtained  at  the  conclusion  of  each  experiment.  Results  are  shown  in 
Figure  1.  The  adrenal  venous  concentration  was  significantly  (P<0.().")) 
greater  than  the  corresponding  cardiac  concentration  after  either  AC’TIl 

■’  The  ojinnulation  i)rooedure  was  used  to  “stress”  iioii-hypophysectomized  rats  and 
produced  a  profound  fall  in  adrenal  ascorbic  acid  (Fi;'  2). 
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or  stress,  (“oiifirmin{>;  our  earlier  ol)servations  and  similar  observations 
briefly  reported  by  Slusher  and  Roberts  (4). 

Effect  of  Cannulation  Procedure  on  the  Concentration  of  Circulating  Ascorbic 
Acid 

In  the  experiments  summarized  in  Figure  1  it  was  found  that  in  the 
control  group  the  adrenal  venous  concentration  of  ascorbic  acid  was  sig¬ 
nificantly  (P<().0o)  lower  than  the  cardiac  concentration.  To  test  the 
assumption  that  ascorbic  acid  of  extraadrenal  origin  may  be  entering  the 
l)lood  stream  two  series  of  experiments  were  carried  out  in  hypophysecto- 
mized  rats.  In  the  first  of  these  experiments  the  initial  ascorbic  acid  con- 

TaBI.K  I.  C'OMPARISON  OF  IXITIAI,  AXD  KIXAI.  riR(  l  LATIX(i  (CARDIAC)  BI.OUD  ASCORBIC 
ACID  COXCEXTRATIOXS  IX  H YPOPH YSF:CT0.\IIZED  RATS 


C'ireulatinn  asoorliic  acid  coiicpntration 


Expt. 

Treatment 

Initial 
(time  0) 
MK/nil. 

Final 

(30  minutes) 
MK./ml. 

Per  Pent 
inerease 

1 

2 

Laparotomy 

8.2 

10.0 

17.8 

13.2 

118.2 

32.0 

3 

13.5 

14.0 

3.7 

4 

13.5 

14.8 

9.6 

.5 

20.0 

23.0 

15.0 

(j 

10.5 

17.7 

68.5 

7 

Control 

22.5 

22.0 

-2.2 

8 

7.6 

9.7 

27.6 

9 

7.8 

8.2 

5.1 

cent  rat  ion  (O.o  ml.  .sample  of  cardiac  blood)  was  compared  with  the  final 
concentration  in  laparotomized  and  control  animals.  The  re.siilts,  Table  1, 
show  that  there  was  a  variable  increase  in  ascorbic  acid  concentration  over 
the  3()-minute  interval.  This  is  in  agreement  with  recent  findings  of  Allison 
(o).  In  the  second  series  of  experiments  (Table  2)  the  initial  cardiac  ascor¬ 
bic  acid  concentration  was  compared  with  .serial  samples  of  adrenal  vein 
blood  and  a  final  .sample  of  cardiac  blood.  It  is  clear  from  these  experi¬ 
ments  that  the  circulating  ascorbic  acid  concentration  was  increasing  with 
time  even  though  no  ACTII  had  been  given  and  neither  adrenal  was  in 
the  circulation.  Thus  the  concentration  of  adrenal  venous  blood  collected 
during  the  total  experimental  period  and  pooled  was  lower  than  the  con¬ 
centration  foutjd  in  a  sample  of  cardiac  blood  taken  at  the  end  of  the  ex¬ 
periment. 

Comparison  of  the  Decrease  in  Adrenal  Ascorbic  Acid  with  the  Increase  in 
Adrenal  Venous  Ascorbic  Acid 

Figure  2  compares  the  amount  of  ascorbic  acid  lost  from  the  adrenal 
with  the  increa.se  in  adrenal  venous  ascorbic  acid  after  stimulating  the 
adrenal  with  ACTII.  The  amount  of  this  increase  was  determined  by  sub- 
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Table  2.  ('omparison  of  serial  blood  ascorbic  acid  coxcextratioxs  ix  cardiac 
AXD  ADREXAL  VEIN  BLOOD  OF  HYPOPH YSEI^TOMIZED  RATS 


Treatment 

Time 

(minutes) 

Cardiac  blood 
ascorbic  acid 
(Mg. /ml.) 

.Adrenal  vein  blood 
ascorOic  acid 
(Mg. /ml.) 

( 'ontrol 

0 

10.5 

(Aeid-saline) 

5 

1 1  .4 

8 

12.0 

12 

13.0 

18 

10.0 

21 

17.8 

( 'ontrol 

(1 

11.5 

(Aeid-saline) 

l.T 

12.0 

2.') 

12.0 

40 

13.0 

51 

14.0 

( 'ontrol 

0 

10.2 

(Aei<l-Saline) 

10 

18.2 

10 

10.3 

27 

21  .7 

40 

20.5 

ACTH 

0 

0.0 

(.'>()  inu) 

0 

11  .4 

21 

12.0 

20 

15.4 

ACTH 

0 

1 1  .0 

(‘>0  mu) 

1 1 

1 1  .0 

10 

11.8 

21 

14.0 

20 

10.4 

31 

10.7 

tracting  the  average  amount  of  aseorhie  acid  collected  from  the  adrenal 
vein  of  the  control  group  from  the  average  amount  of  ascorbic  acid  col¬ 
lected  from  the  adrenal  vein  of  the  experimental  groups.  Correction  was 
made  for  any  differences  in  the  amounts  of  blood  collected  from  the  con¬ 
trol  and  experimental  groups.  The  animals  receiving  20  mu  of  ACTH 
appeared  to  secrete  more  ascorbic  acid  into  the  adrenal  vein  than  they 
lost  from  the  adrenal;  this  difference  was  not,  however,  stati.stically  signifi¬ 
cant,  After  injecting  50  mu  of  ACTH  the  increase  in  adrenal  venous  ascor¬ 
bic  acid  was  about  equivalent  to  the  adrenal  depletion  observed.  In 
“.stres.sed”^  nonhypophysectomized  animals  the  amount  of  ascorbic  acid 
lost  from  the  adrenal  was  significantly  (P  <0.01)  greater  than  the  increase 
in  the  amount  of  ascorbic  acid  found  in  adrenal  venous  blood. 

DISCUSSION 

It  has  been  hypothesized  by  Slusher  and  Roberts  (4)  that  the  fate  of 
ascorbic  acid  in  the  ACTH  .stimulated  adrenal  gland  is  secretion  into  ad¬ 
renal  venous  blood.  Our  results  with  exogenous  ACTH  tend  to  confirm  this 

*  In  this  experiment  the  right  adrenal  was  not  removed  until  the  adrenal  vein  had 
been  cannulated  hut  was  removed  before  any  blood  was  eolleeted  from  the  vein. 
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□  depletion  of  odrenol  oscorbic  acid 


Fig.  2.  Comparison  of  the  depletion  of  adrenal  ascorbic  acid  witli  the  increase  in 
adrenal  venous  ascorbic  acid  after  ACTH  or  “stress.”  Vertical  bars  indicate  ±  on  • 
standard  error.  The  “stressed”  rats  were  not  hypophysectoinized. 


hypothesis.  The  re.sults  obtained  from  tlie  normal  rats  subjected  to 
“stress,”  however,  show  that  .such  a  hypothesis  cannot  account  for  the 
a.scorbic  acid  depletion  observed  in  the.se  rats.  There  are  certain  differences 
lietween  the  experiments  with  exogenous  ACTH  and  stress  which  may 
have  contributed  to  this  variation  in  results.  The  collection  of  adrenal 
venous  blood  from  stressed  rats  did  not  begin  until  about  10  minutes  after 
the  beginning  of  the  stress  (laparotomy),  while  with  exogenou.sly  adminis¬ 
tered  ACTH  the  collection  of  adrenal  venous  blood  proceeded  from  the 
instant  of  adrenal  stimulation.  Further,  the  stimulation  of  the  adrenal  of 
the  stre.s.sed  rats  is  continuous  throughout  the  experimental  period  (0) 
wliile  estimates  of  the  plasma  half-time,  from  2  minutes  (7)  to  o  minutes 
(8)  of  exogenously  administered  ACTH  suggests  that  the  plasma  level  in 
these  experiments  fell  very  rapidly.  Such  differences  in  conditions  between 
the  two  types  of  experiments  allow  one  to  hypothesize  that  adrenal  .stimu¬ 
lation  initially  causes  a.scorbic  acid  secretion  while  continued  stimulation 
leads  to  a  response  which  is  primarily  utilization  of  ascorbic  acid. 

Acknowledgment 

The  authors  wisli  to  acknowledge  the  valuable  counsel  provided  bj-  Dr.  Paul  L. 
Munson  throughout  these  experiments,  and  to  thank  Dr.  M.  C.  Sheps  for  suggestions 
concerning  statistical  analysis  of  the  data  and  Mrs.  E.  .\.  Moore  for  carrying  out  the 
statistical  analyses. 


innuanj,  inr,S  ACTII  AND  ADRENAL  VENOES  ASCOIJRIC  ACID 


29 


REFERENCES 

1.  Munson,  P.  L.  and  F.  X.  Ruiggs:  Lecture  before  the  Adrenal  Physiolofjy  Dinner 
jrroup,  Federation  of  American  Societies  for  Experimental  Biology,  Ai)ril  Li,  19,55. 
Mindlin,  U.  L.  and  X.  M.  Butlkk:  J.  Biol.  Clicm.  122:  073.  193S. 

!.  Roe,  ,1.  H.  and  C.  .V.  Kuethek:  J.  Biol.  Cliem.  147:  399.  1943. 

Slusheh,  M.  .\.  and  S.  Roberts:  .\m.  J.  Physiol.  187:  033.  1950. 

'i.  .\llison,  j.  FL:  Proc.  Soc.  Eiper.  Biol,  and  Med.  90:  277.  1955. 

'i.  Brodish,  .V.  AND  C.  X.  H.  Long:  Endocrinology  59:  000.  19.50. 

7.  Sydnor,  K.  L.  and  Cl  Sayers:  Proc.  Soc.  Exper.  Biol,  and  .Med.  83:  729.  19.53. 
s.  (Iemzell.  C.  .\.,  C.  C'.  Van  Dyke,  C.  .\.  Tobias  and  11.  M.  Evans:  Endocrinology 
49:  .32.5.  1951. 


REVERSAL  OF  ADREXAL-RECJENERATIOX 
HYPERTEXSIOX  BY  AMPHEXOXE 


C'l.IFFORI)  I.  CHAPPEL,  JOAX  CAHILL,  GEORGE  ROXA 
AND  GORDOX  A.  GRAXT 

Aiierst,  McKenna  and  Harrison  Limited,  Montreal,  Quebec,  Canada 
ABSTRACT 

Rats  wero  oj)craterl  by  unilateral  nephrectomy,  unilateral  adrenalectomy 
and  contralateral  adrenal  enucleation,  they  were  then  f^icen  saline  to  drink. 
During  the  process  of  adrenal  regeneration  a  marked  hypertension  developed 
with  cardiac  and  renal  hypertrophy.  Treatment  of  adrenal-regeneration  hyi)er- 
tensive  rats  with  Amphenone  caused  a  reversal  of  blood  pressure  to  normoten- 
sive  limits  and  decreased  the  cardiac  and  renal  hypertrophy.  Amphenone 
treatment  of  rats  started  two  weeks  after  adrenal-enucleation  prevented  the  an¬ 
ticipated  rise  in  blood  pressure.  These  favourable  effects  on  the  blood  pressure 
are  accompanied  by  marked  lipid  accumulation  in  the  regenerated  adrenal 
gland  affecting  j)rimarily  the  fasciculata  zone.  The  administration  of  .\mphe- 
none  to  normal  animals  caused  no  depression  in  the  blood  pressure,  nor  did  it 
affect  the  hypertension,  cardiac  hypertrophy,  glomerular  or  arteriolar  lesions 
of  adrenalectomized  rats  given  deso.xycorticosterone  acetate  and  saline. 

We  are  able  to  confirm  the  development  of  hypertension  with  adrenal- 
regeneration  in  the  rat.  Our  findings  sujjport  the  view  that  the  effect  of  .Vm- 
phenone  on  the  blood  {)ressure  in  adrenal-enucleation  hypertension  is  not  a 
direct  effect  but  is  secondary  to  a  depression  of  the  adrenal  cortex. 

For  many  years  a  relationship  between  the  adrenal  cortex  and  hyper- 
ten.sive  vascular  disease  in  man  has  been  .suspected.  The  laboratory 
and  clinical  data  which  support  such  a  theory  has  been  ably  reviewed  (1, 
2).  However,  for  the  most  part  the  evidence  is  not  conclusive,  no  direct 
proof  exi.sts  to  implicate  the  functions  of  the  adrenal  cortex  in  essential 
hypertension  in  man  and  its  exact  role  has  remained  obscure.  Amphenone 
(1,2  bis  (p-aminophenyl)  2-methyl  propanone-1),  has  been  shown  both  in 
experimental  animals  (3)  and  man  (4)  to  have  adrenal  cortical  depressant 
properties.  This  study  was  initiated  on  the  hypothesis  that  such  a  com¬ 
pound  in  providing  a  degree  of  control  over  steroidogene.sis  by  the  adrenal, 
might  allow  us  to  throw  .some  light  on  the  role  of  this  gland  in  experimen¬ 
tal  hyperten.sion.  The  demonstration  by  Skelton  that  unilaterally  nephrec- 
tomized  adrenal-enucleated  rats  on  a  high  .salt  intake  develop  hypertension 
during  adrenal  regeneration  (5)  appeared  to  offer  a  highly  suitable  experi¬ 
mental  method  by  which  this  theory  could  be  tested.  If  in  this  preparation 
steroids  from  the  regenerating  adrenal  cortex  are  responsilile  for  the  hyper¬ 
tension,  then  depression  of  this  steroidogenesis  might  be  reflected  in 
changes  in  the  blood  pressure  of  the  animals.  A  preliminary  report  of  this 
study  has  recently  been  published  (b). 


Rpcvivod  .July  7,  19.57. 
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EXPERIMENTAL 

Male  hooded  rats  from  our  own  colony  weii^hin!?  SO-100  f^in.  were  used.  They  were 
led  a  eoniinereial  rat  food  and  given  tap  water,  or  following  opeiations,  1%  saline  to 
Irink.  Systolic  blood  pressures  were  measured  at  the  ankle  by  the  photoelectric  method 
.«f  Kersten  (7).  Three  readings  were  taken  on  each  animal  i)ricr  to  operation  or  treatment 
uid  at  weekly  intervals  during  the  experimental  period.  Operative  techniques  used  to 
produce  adrenal-regeneration  hyi)ertension  were  similar  to  those  employed  by  Skelton 
.^).  .\naesthesia  was  induced  by  intraiicritoneal  injection  of  30  mg.  kg.  of  sodium 
pentobarbital.  The  right  kidney  and  adrenal  gland  were  then  removed  through  an  inci¬ 
sion  in  the  right  paralumbar  fossa.  The  left  adrenal  was  then  exjmsed  through  the  opi)o- 
'itc  side  and  a  longitudinal  incision  made  in  the  capsule.  Pressure  was  ai)plied  to  the 
gland  with  small  foicei)s  so  that  the  medulla  and  a  major  portion  of  the  adrenal  cortex 
was  extruded  as  a  solid  core  which  was  removed.  This  technique  leaves  the  a<lrenal 


TaBI.E  1.  liODY  .wo  TISSl’E  WEI(;HTS 


Croup 

Thynms* 

Thyrr.id 

.Ydrenal 

Pituitary 

Heart 

laiver 

Kidney 

Hody  weight 
<gni.) 

Ntmiml  rntruated 
Adrenal-Knucleated 

115±  82 

6±  1 

1.3  ±1 

.3±  1 

.3.35  ±  8 

4.24±0.1 

684  ±  24 

240. 

4±  5.6 

entreated 

N'ornial  .Aiiiphenone 

148±11 

7  +  1 

12±1 

3±  1 

425 ± 15* 

4.. 50  ±0.3 

605  ±.34 

233 

±  10.0 

Treated 

.\dienal-Knuoleated 

78+  4* 

24  ±  1* 

23±  !♦ 

5±  1 

.306  ±  22 

7.05±0.6* 

680  ±  .37 

215 

±  9.8 

.\inplienone  at  5  wet*ks 
\dtenal-F)nueIeated 

64+  8* 

16  +  2* 

12±  1 

5±1 

.313  ±2.3 

7.10±0.8* 

451  ±  44 

168 

±15.3 

.Aniplienone  at  3  weeks 
.\drenal-Knueleated 

'.•7±  17 

17  ±2* 

10  ±2 

5+1 

312+1.3 

13.4  ±  .4* 

510  ±  20 

)72 

±12.3 

Ainphenone  at  2  week.s 
.Vdrenalectoinized. 

I)0(\\  and  .Ainphenone 

84±  11 

15±1* 

12±2 

5+1 

.326  +  27 

7.70±0.2* 

478  ±40 

174 

±  6.6 

Treated 

.\drenaI-Knueleated 

81  ±  12 

lit±.3» 

— 

4±  1 

4.37  ±  4(t* 

8.22±0.1* 

.5!t0±60 

233 

±  14.0 

Kstrogen  Treated 

12.3+  (» 

8+1 

14  +  2 

4±  1 

432  +  48* 

4.il4±0.2 

681  ±  34 

178 

±  12. tl 

1  Tissue  weights  are  expressed  in  ing.,  or  in  the  ease  of  the  liver  as  gm.,  per  100  gin.  of  body  weight. 

•  Mean  value  and  standard  error. 

*  Significant  at  the  95%  level  of  confidence  compared  to  normal  untreated  controls. 


capsule  and  adherent  particles  of  glomerulosa  tissue  intact  to  serve  as  a  nucleus  for  re¬ 
generation.  The  animals  in  which  hypertension  was  induced  by  treatment  with  desoxy- 
corticosterone  acetate  (DC.\)  were  operated  ui)on  by  the  same  procedure  excejjt  that 
both  adrenals  were  entirely  removed.  These  animals  were  then  given  daily  subcutaneous 
injections  of  1  mg.  of  DC.\  in  jrropylene  glycol. 

.\t  the  times  noted  in  each  h'igure,  .Vmphenone  treatment  was  started  at  a  dose  of 
200  mg. /kg.  The  material  was  dissolved  in  flistilled  water  and  given  in  a  volume  of  1  cc. 
by  stomach  tube.  Premarin  (R),  a  mixture  of  water  soluble  estrogen  conjugates  of  ecpiine 
origin,  was  given  orally  in  distilled  water.  The  daily  dose  was  equivalent  in  estrogenic 
potency  to  1  mg.  kg.  of  sodium  estrone  sulfate.  During  the  study  the  animals  were 
weighed  each  week.  The  final  body  weights  which  accurately  reflect  changes  during  the 
study  are  given  in  Table  1.  Upon  completion  of  the  experiments,  the  animals  were  sac- 
rificecl  using  chloroform,  their  organs  were  dissected  free  of  fat,  weighed  and  fixed  in 
10%  Formalin  or  Bouin’s  solution.  Sections  of  adrenal,  i)ancreas,  jjituitary,  testis, 
thymus  and  thyroid,  and  of  brain,  heart,  intestine,  kidney,  liver,  lung,  mesentery,  spleen 
and  stomach  were  embedded  in  paraffin  and  stained  with  haematoxylin-eosin  and  .Mas¬ 
son’s  Trichrome  stain.  The  adrenal,  kidney  and  liver  were  also  examined  in  frozen 
sections  stained  with  Sudan  III. 

RESULTS  AND  DISCUSSION' 

lilood  Pressures 

\s  a  measure  of  reliability  of  the  method  of  testing  the  blood  pressure, 
an  analysi.s  of  variance  was  done  on  measurement.s  of  blood  pressure  from 
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5  nornioten.sive  animals  chosen  at  random  from  the  control  group.  A  4- 
week  period  was  u.sed  and  the  analy.sis  done  on  a  total  of  60  blood  pressure 
measurements.  It  will  be  noted,  Table  2,  that  no  significant  difference  was 
seen  between  replicate  readings  and  that  the  Index  of  Preci.sion  was  high. 
Significant  differences  were  noted  between  the  blood  pressure  of  the  dif¬ 
ferent  animals  in  the  group  and  between  measurements  taken  at  weekly 
intervals.  Figure  1  shows  the  average  blood  pressure  of  a  group  of  normal 
rats  during  an  8-week  period,  as  the  animals  become  mature  a  gradual  in¬ 
crease  in  mean  blood  pressure  is  seen. 

Figure  2  illustrates  the  typical  hyperten.sive  respon.se  which  is  coincident 
with  adrenal  regeneration  in  the  rat.  Our  findings  in  this  re.speet  are  in 
close  agreement  with  the  original  description  of  adrenal-regeneration 
hypertension  lyv  Skelton  (o).  When  normal  intact  rats  are  treated  with 
.Vmphenone  for  a  period  of  .seven  weeks  as  in  Figure  3,  no  depressor  re¬ 
in  these  niai)hs  the  solid  horizontal  lines  represent  the  average  weekly  systolic  blood 
pressure  and  the  shaded  areas  the  95%  confidetice  limits. 

e  p 


Fic.  1  (left).  Normal  intact  control  rats,  15  animals. 

Fk;.  2  (right).  .Vdrenal  enucleation  at  1  without  treatment,  15  animals. 


Fig.  3  (left).  Normal  rats  treated  at  2  with  .\mphenone,  15  animals. 

Fig.  4  (right).  Adrenal  enucleation  at  1,  Amphenone  treatment  started  at  2,  8  animals. 
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spouse  is  seen  and  there  are  no  significant  differences  between  the  Idood 
pressures  of  these  animals  and  untreated  controls.  If  rats,  which  are  hyper¬ 
tensive  following  adrenal  enucleation,  are  treated  with  Amphenone  o 
weeks  after  operation  (Fig.  4)  a  progressive  decrease  in  blood  pressure  is 
seen  until  at  9  weeks  the  average  blood  pre.s.sure  of  these  animals  is  within 
normotensive  limits.  If  treatment  with  Amphenone  is  instituted  three 
weeks  after  adrenal  enucleation  the  return  of  the  blood  pressure  of  these 
animals  to  normal  is  more  prompt  and  with  continuation  of  this  therapy 
the  blood  pressures  remain  in  the  normal  range.  Figure  6  shows  the  results 
of  commencing  Amphenone  therapy  at  two  weeks  after  adrenal  enuclea¬ 
tion.  Mean  blood  pres.sures  of  the  group  are  within  normal  limits  during 
the  entire  experimental  period. 

If  Amphenone  in  these  studies  was  acting  through  central  reflex  mech¬ 
anisms  responsible  for  controlling  Idood  pressure,  or  by  interference  witli 
peripheral  actions  of  hormones  from  the  regenerating  adrenal  cortex,  then 
a  depressor  respon.se  such  as  that  .seen  in  adrenal-regeneration  hyperten- 


Fig.  5  (left).  Adrenal  enucleation  at  1,  Amphenone  treatment  started  at  2,  7  animals. 
Fig.  0  (right),  .\drenal  enucleation  at  1 ,  Amphenone  treatment  started  at  2.  9  aidmals. 


Fig.  7  (left).  Bilateral  adrenalectomy  and  DOC.V  administration  at  4,  .Vmphenone 
treatment  started  at  2,  12  animals. 

Fig.  8  (right).  Adrenal  enucleation  at  1,  Premarin  adnunistration  started  at  5,  10 
animals. 
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sion  would  he  expected  iu  hyperten.sioii  produced  in  the  absence  of  the 
adrenal  by  the  administration  of  DCA,  The  results  of  such  a  study,  as 
shown  in  Figure  7,  demonstrate  that  Amphenone  treatment  over  a  four 
week  period  had  no  effect  on  DCA  hypertension.  Thus  Amphenone  is  un¬ 
like  hypotensive  agents  such  as  Rauwolfia  or  Veratrum  derivatives  and 
ganglionic  blocking  agents  in  its  mechanism  of  action,  since  these  latter 
therapeutic  agents  have  been  shown  to  exert  a  depressor  effect  on  DCA 
hypertension  in  the  rat  (8).  These  experiments,  we  feel,  offer  strong  evi¬ 
dence  that  the  hypotensive  action  of  Amphenone  in  the  adrenal  enucleated 
rat  is  secondary  to  a  depressant  effect  on  the  functions  of  the  adrenal  cor¬ 
tex. 

.Vmphenone  has  been  reported  to  possess  a  weak  estrogenic  action  (8) 
and  Vogt  has  reported  the  adrenal  cortical  depressant  properties  of  a  .syn¬ 
thetic  estrogen  (D).  We  have  used  a  natural  estrogen  to  test  whether  estro¬ 
genic  activity  per  .se  could  be  implicated  in  the  action  of  Amphenone  on 
blood  pressure.  Figure  8  contains  the  results  of  an  experiment  in  which  a 
high  dose  of  an  orally  active  estrogen  preparation  was  admini.stered  to 
rats  after  adrenal  enucleation  without  influencing  the  re.sultant  hyperten¬ 
sive  response.  Thus  it  appears  unlikely  that  estrogenic  activity  is  involved 
in  the  hypotensive  mechanism  of  Amphenone. 

liociy  and  Tissue  Weights 

The  average  body  and  tissue  weights  of  the  animals  from  each  group  at 
autopsy  are  contained  in  Table  1.  Normal  rats  treated  with  Amphenone 
show  the  enlargement  of  the  thyroid,  adrenal  glands  and  the  liver  which 
have  previously  been  reported  (3).  The  increase  in  liver  and  thyroid  weight 
is  seen  in  all  groups  treated  with  Amphenone.  It  will  be  noted  that  adrenal 
regeneration  has  occurred  in  all  groups  after  adrenal  enucleation  irrespec¬ 
tive  of  the  treatment  given.  The  changes  in  heart  size  noted  at  autop.sy 
are  in  agreement  with  the  Idood  pre.ssure  findings.  The  untreated  adrenal- 
enucleated  group,  or  a  similar  group  treated  with  Premarin,  and  the  ad- 
renalectomized  animals  given  DCA  and  Amphenone  have  the  cardiac 
hypertrophy  which  was  to  be  anticipated  on  the  basis  of  their  unrelieved 
hypertension.  However,  the  mean  heart  size  of  adrenal-enucleated  groups 
treated  with  .Amphenone  is  within  the  range  of  the  normal  untreated  con- 
t  rols. 

.Vfter  unilateral  nephrectomy  and  adrenal  enucleation,  hypertrophy  of 
the  remaining  kidney  ensues  until  at  eight  weeks  the  single  kidney  from 
such  an  animal  is  almost  equal  to  the  combined  weight  of  the  kidneys  from 
a  normal  control.  .Amphenone  has  little  effect  on  the  renal  weight  of  nor¬ 
mal  animals,  but  appears  to  depress  the  renal  hypertrophy  which  occurs 
after  adrenal  enucleation  and  unilateral  nephrectomy.  This  inhibition  of 
renal  hypertrophy  is  absent  in  the  animals  given  DCA  following  adrenalec¬ 
tomy  and  then  treated  with  .Amphenone.  The  failure  of  .Amphenone  to 
influence  the  renal  weight  of  normal  animals  or  prevent  the  renal  hyper- 
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Tabi.e  2.  Analysis  of  variance  ok  blood  phesscre  on  normal  ani.mai.s,  the  blood 

PRESSURE  HAVINli  BEEN  TAKEN  ON  FIVE  ANIMALS  IN  TRIPLICATE  AND  FOR 
FOUR  CONSECCTIVE  WEEKS 


Animal 

1st  week 

2nd  week 

3rd  week 

4th  week 

■Average 

1 

130 

129 

130 

128 

129.4 

128 

130 

131 

128 

129.4 

126 

127 

129 

130 

128.0 

.Avitukc 

128.0 

128.7 

130.0 

128.7 

128.8 

2 

128 

130 

112 

111 

120.2 

130 

131 

114 

110 

121  .2 

130 

128 

114 

no 

120.3 

.Average 

129.3 

129.7 

113.3 

110.3 

120.7 

3 

136 

137 

128 

128 

132.3 

138 

136 

130 

128 

133.0 

138 

137 

130 

129 

133.9 

■Average 

137.3 

136.7 

129.3 

128.3 

1,32.9 

4 

140 

140 

140 

138 

139.5 

140 

142 

140 

137 

139.7 

142 

142 

139 

137 

140.0 

.Average 

140.7 

141  .3 

139.7 

137.3 

139.8 

5 

133 

129 

128 

128 

129.5 

128 

129 

128 

130 

128.8 

132 

130 

129 

130 

130.3 

■Average 

131  .0 

129.3 

128.3 

129.3 

129.5 

(irand  .Averages 

133.3 

133.1 

128.1 

126.8 

130.3 

o  c  ■  4-  Sum  of  Di'grees  of 

Simree  of  variation  freedom 

Mean 

square 

F  ratio 

Significance 

Between  .Animals  (5)  2, 

,301  4 

575 

38 

High 

Prohahility  <  .01 

Between  Weeks  (4) 

.506  3 

169 

1 1 

High 

Prohahility  <  .01 

Between  Replieates 

(3) 

1  2 

0 . 5 

<1 

None 

Error 

749  .50 

15* 

1 

Total 

3 

,  5.57  59 

*  Estimate  of  Error  =  ±a/15=  +3.9%. 

Index  of  Precision  =96%. 

trophy  in  the  DCA  group  would  suggest  that  the  -disence  of  compensatory 
hypertrophj’  in  the  adrenal  regeneration  groups  cannot  be  attributed  to  a 
direct  action  of  Amphenone.  We  feel  that  the  lower  renal  weights  like  the 
lower  cardiac  weights  are  a  reflection  of  the  diminished  blood  pressure  in 
the  adrenal  regeneration  groups  treated  with  Amphenone. 

A  thymolytic  activity  for  Amphenone  has  been  reported  by  Hertz  (8). 
Our  data  in  general  confirm  this  finding  as  the  thymic  weights  of  groups 
treated  with  Amphenone  are  lower  than  those  of  control  animals.  However, 
in  only  two  groups  is  the  difference  statistically  significant  becau.se  of  wide 
variation  between  individual  animals.  Clarification  of  this  point  must  await 
further  experiments  in  larger  groups  of  animals. 
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The  body  weights  of  the  animals  at  autopsy  are  difficult  to  compare 
since  not  all  the  studies  were  of  the  same  duration.  The  animals  treated 
with  Amphenone  or  with  the  comparatively  high  dose  of  estrogen  showed 
a  depression  in  growth  which  is  reflected  in  the  lower  weights  of  these  rats 
at  autopsy. 

HISTOPATHOLOGICAL  EXAMINATION' 

Tlie  discu.ssion  of  the  histopathology  of  animals  from  these  studies  will 
be  limited  to  those  of  three  groups.  No  differences  were  noted  in  the  histo¬ 
logical  appearance  of  tissues  from  adrenal-enucleated  hypertensive  rats 
whicli  had  received  Amphenone  for  either  four  or  five  weeks.  For  tins 
reason  these  animals  are  discussed  as  one  group. 

Group  1.  Intact  animals  treated  with  Amphenone 

Treatment  of  normal  animals  with  Amphenone  caused  histopathological 
changes  in  the  adrenal  cortex,  thyroid,  pituitary,  and  liver;  other  tissues 
were  normal. 

Adrenal.  The  adrenal  cortex  was  markedly  widened,  an  increase  in  the 
width  of  the  fasciculata,  and  to  a  lesser  extent  of  the  reticularis  zone,  being 
responsible.  The  cells  of  all  zones  were  filled  with  lipids,  with  the  exception 
of  a  narrow  lipid  free  zone  between  the  zona  glomerulosa  and  the  zona 
fasciculata.  Lipid  accumulation  in  cortical  cells  was  generally  even  and 
the  nuclei  were  central;  however,  in  the  outer  half  of  the  zona  fasciculata 
occasional  cells  showed  a  picture  of  fatty  metaplasia  with  the  nucleus 
pushed  to  the  side.  These  changes  may  be  observed  in  a  comparison  of 
Figures  9  and  10. 

Pituitary.  The  predominant  change  in  the  pituitary  was  enlargement 
and  vacuolization  of  basophilic  cells.  This  vacuolization  of  the  basophils 
occurred  in  approximately  fifty  percent  of  cells  of  the  anterior  pituitary  in 
.some  animals  and  in  only  a  scattered  few  cells  in  others.  These  changes 
are  now  being  .studied  by  more  specific  staining  methods. 

Thyroid.  Tlie  enlarged  thyroid  glands  were  compo.sed  of  dilated  acini 
with  many  papillary  infoldings  which  were  almost  devoid  of  colloid. 
Occasionally  the  epithelium  which  had  undergone  hyperplasia  narrowed 
or  occluded  the  lumina  of  the  acini.  The  epithelium  was  composed  of  tall 
columnar  cells  with  nuclei  arranged  close  to  the  ba.sement  membrane. 

lAver.  The  architecture  of  this  organ  was  well  maintained,  but  with 
dilatation  of  the  central  veins  and  centrolobular  congestion.  In  the  periph¬ 
ery  of  the  liver  lobules  the  liver  cells  showed  a  picture  of  fatty  infiltra¬ 
tion  (Fig.  11).  The  nuclear  staining  was  well  preserved  and  many  cells 
contained  mitotic  figures  or  two  nuclei. 

Group  2.  Adrenal-regeneration  hypertensive  animals  without  treatment 

Adrenal.  The  adrenal  cortices  of  all  animals  had  undergone  regeneration 
with  clear  zonal  difFerentiation.  The  zona  glomerulo.sa  was  thin  and  com- 
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Fig.  9  Fig.  10 


Fig.  9.  Xormal  adrenal  cortex.  Sudan  III  ami  Haeinatoxylin,  XI 25. 

Fig.  10.  Adrenal  cortex  from  intact  animal  treated  for  7  weeks  with  .Vmplienone. 
Heavy  lijiid  accumulation  can  he  seen  in  all  zones  with  a  lipid  free  layer  of  cells  between 
tlie  }?lumerulosa  and  fasciculata  zones.  Sudan  III  and  Haeinatoxylin  XI 25. 


po.sed  of  three  or  four  layers  of  flattened,  darkly  stained  eells  in  which 
.some  mitotic  figures  could  he  seen.  The  zona  fasciculata  was  markedly 
thickened  with  venous  engorgement  between  the  cell  columns.  The  zona 
reticularis  was  normal.  The  lipid  content  of  all  layers  was  depleted.  The 
middle  of  the  regenerated  adrenals  contained  a  fibrous  hyaline  mass  in 
some  areas  of  which  calcium  deposition  was  noted. 

Kidneys.  The  kidneys  of  the.se  operated  control  animals  failed  to  show 
any  evidence  of  the  arteriolar  lesions  described  by  Skelton  fo).  In  two 
animals  the  glomeruli  were  enlarged  with  thickened  oedematous  basement 
membranes  as  shown  in  Figure  12,  the  capillary  tufts  were  anaemic  and 
occasional  glomeruli  were  hyalinized.  In  some  areas  of  the  kidney,  sub- 
cap.sular  microscopic  scars  were  seen  with  round  cell  infiltration.  The  cells 
of  the  first  convoluted  tubules  were  enlarged  and  contained  large  vacuoles 
and  in  the  lumen  of  .some  convoluted  and  collecting  tubules  there  was 
liy aline  cylinder  formation. 

Thyroid.  The  thyroids  in  most  animals  were  normal  although  two  .showed 
some  degree  of  atrophy  with  .small  acini  having  flattened  epithelial  linings. 

Morphological  lesions  were  ab.sent  in  all  other  organs  and  no  alterations 
of  the  va.scular  tree  could  be  detected. 
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Fig.  11  Fig.  12 


Fig.  1 1.  Liver  of  intact  rat  treated  witli  .Vmphenone  for  7  weeks,  perilobular  lipid  in¬ 
filtration  is  apparent.  Sudan  111  and  Haematoxjlin  XI 25. 

Fig.  12.  Kidney  from  adrenal-regeneration  hypertensive  rat  8  weeks  after  adrenal 
enucleation.  The  thickened  edematous  basement  membrane  and  mild  hyaline  changes 
were  limited  to  2  animals.  Frank  ulomerulonecrosis  was  absent.  Masson's  Trichrome 
X225. 

Group  3.  Adrenal-regeneration  hypertensive  animals  treated  with  Amphe- 
none 

Adrenal.  Amphenone  treatment  as  shown  liy  adrenal  weights  and  his¬ 
tology  did  not  hinder  regeneration  of  the  enucleated  adrenal.  However, 
there  were  definite  modifications  of  the  histological  architecture  of  cortical 
cells.  In  contrast  to  the  animals  of  Group  2  there  was  no  distinct  border 
between  the  different  cortical  zones.  The  regenerated  cortex  was  uniform¬ 
ly  compo.sed  of  clear,  vacuolated  cells,  the  cytoplasm  of  which — as  shown 
by  Sudan  III  staining — was  den.sely  filled  with  lipid  material.  The  regener¬ 
ated  cells  of  the  adrenal  cortex  thus  closely  re.semble  those  of  Group  1, 
.Amphenone  treatment  in  each  case  resulting  in  a  marked  increase  in  lipid 
content.  The  connective  ti.s.sue  proliferation  and  calcification  in  the  mid¬ 
dle  of  the  regenerating  adrenal  was  not  altered  by  Amphenone  treatment. 
This  poor  cortical  cell  differentiation  and  uniform  lipid  accumulation  is 
shown  in  Figure  13. 

The  pituitary  and  thyroid  glands  of  the  animals  from  this  group  showed 
lesions  which  were  identical  to  those  seen  in  normal  animals  treated  with 
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Fig.  13.  Regenerated  adrenal  eortieal  tissue  S  weeks  after  adrenal  enneleation.  .\in- 
pliennne  was  administered  during  the  last  5  weeks  of  this  i)eriod.  Marked  nodularity  is 
l)iesent.  The  uniform  pale  a])pearanee  can  be  attributed  to  the  dissolution  of  lii)ids. 
When  compared  with  Fig.  14  the  absence  of  zonal  differentiation  may  be  seen.  Haema- 
to.xylin  and  eosin  X20. 

Fig.  14.  Regenerated  adrenal  cortical  tissue  S  weeks  after  adrenal  enneleation.  Dif¬ 
ferentiation  of  the  cortical  zones  can  be  distinguished.  Haematoxylin  and  eosin  X2(). 


.Vinpheiione  as  in  Group  1.  The  histological  picture  of  the  kidney  was  nor¬ 
mal,  none  of  the  animals  showed  glomerular  or  arteriolar  lesions. 

These  studies  have  confirmcHi  the  findings  of  Skelton  that  hypertension 
develops  in  unilaterally  nephrectomized  adrenal-enucleated  rats  on  a  high 
salt  intake  during  the  process  of  adrenal  regeneration  (o).  Amphenone 
treatment  of  these  hypertensive  animals  cau.sed  a  reversal  of  established 
hypertension.  If  treatment  was  started  soon  after  adrenal  enucleation,  it 
prevented  the  development  of  hypertension.  We  have  failed  to  produce 
vascular  lesions  following  adrenal  regeneration  and  only  two  animals 
showed  slight  glomerular  lesions.  Skelton  has  emphasized  the  greater  sensi¬ 
tivity  of  younger  rats  to  the  development  of  hypertension  after  adrenal 
regeneration  (10).  Our  animals  had  body  weights  at  operation  of  approx¬ 
imately  ICO  gm.,  while  tho.se  of  Skelton  weighed  an  average  of  02  gm. 
riiis  difference  we  feel  might  explain  the  ab.sence  of  glomerular  and  arterial 
lesions  in  our  studies. 

.Vmphenone  treatment  of  either  normal  rats  or  adrenal-enucleated  rats 
cau.sed  marked  increases  in  the  stored  lipid  of  adrenal  cortical  cells.  This 
phenomenon  has  been  descril)ed  in  normal  animals  by  Hertz  et  al.  (3),  and 
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interpreted  as  an  indication  of  depression  of  adrenal  cortical  function. 
Rosenfeld  and  Bascom  (11)  demonstrated  that  Amphenone  could  inhibi' 
steroidogenesis  by  the  adrenal  gland  and  Hertz  et  al.  have  evidence  of  .i  ! 
depression  of  steroid  biosynthesis  following  the  administration  of  Amphe¬ 
none  to  man  (4).  This  adrenal  cortical  depressant  activity  of  Amphenom' 
is,  we  feel,  primarily  responsible  for  its  effect  on  the  hypertension  of  ad¬ 
renal  regeneration.  The  failure  of  Amphenone  to  influence  hypertension  in¬ 
duced  in  adrenalectomized  animals  by  the  administration  of  DCA  is  in 
agreement  with  this  thesis. 

These  findings  also  add  weight  to  the  supposition  that  adrenal  regenera¬ 
tion  hyperten.sion  is  in  fact  caused  by  increased  or  imbalanced  secretion  of 
adrenal  cortical  hormones  by  the  regenerating  tissue,  since,  as  shown  in  thi> 
study,  the  administration  of  a  compound  with  known  adrenal  cortical  de¬ 
pressant  properties  causes  a  prompt  reversal  of  the  hy  pertension. 

The  development  of  agents  such  as  Amphenone  with  adrenal  cortical 
depressant  properties  yet  free  of  the  side  effects  and  toxicity  which  have 
been  described  for  this  compound,  would  provide  useful  diagnostic  agents 
and  enable  the  clinician  to  l)etter  evaluate  the  role  of  the  adrenal  gland  in 
hypertensive  vascular  disease  in  man.  Their  therapeutic  use  may  also  be 
important. 
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ABSTRACT 

A  study  was  made  of  the  mechanism  hy  which  guinea  pi^s  used  for  re¬ 
peated  relaxin  assays  develoj)  resistance  to  its  action.  The  decline  in  relaxin 
sensitivity  is  not  due  to  prolonf>;ed  estrogen  treatment,  nor  to  affinfj;  of  the 
animals,  since  it  was  observed  in  tliose  receiving  both  estrogen  and  relaxin, 
but  not  in  those  receiving  estrogen  alone  for  a  like  period  of  time.  The  resi)onses 
of  guinea  pigs  to  relaxin  from  pregnant  rabbit  serum  and  to  relaxin  from  sows’ 
ovaries  weie  compared  befctre  and  after  rejieated  injections  of  tlie  latter.  It  was 
found  that  a  marked  (1.5-20  fold)  diminution  in  sensitivity  to  sow  ovary  relaxin 
is  accompanied  by  a  much  smaller  (2-4  fold)  decrease  in  res])onsiveness  to 
relaxin  from  pregnant  rabbit  serum.  It  is  postulated  that  the  develoi)ment  of 
the  refractory  state  is  due  to  the  formation  of  an  antihormone  of  limited  spec-ies 
specificity. 

IT  WAS  shown  recently  (1)  that  guinea  pig.s  used  for  relaxin  assay  grad¬ 
ually  developed  re.sistance  to  its  action.  In  the  procedure  routinely 
used,  guinea  pigs  are  given  one  microgram  of  estradiol  daily  for  four  days: 
tlie  relaxin  unknown  is  injected  on  the  morning  of  the  fifth  day  and  the 
extent  of  relaxation  determined  by  palpation  six  hours  later.  The  sequence 
of  estrogen  and  relaxin  injections  is  repeated  on  alternate  weeks.  Under 
these  conditions,  maximum  sensitivity  to  relaxin  is  ob.served  two  to  four 
weeks  after  beginning  estrogen  treatment.  Thereafter,  the  average  sensi¬ 
tivity  of  a  group  of  guinea  pigs  remains  e.ssentially  constant  for  two 
months  or  longer,  after  which  a  more  or  less  abrupt  decline  in  responsive¬ 
ness  sets  in. 

In  a  typical  instance,  a  relaxin  preparation  of  which  O.OoO  mg.  cau.sed 
well-defined  .symphyseal  relaxation  in  each  of  a  group  of  guinea  pigs  when 
they  were  maximally  .sensitiv^e  was  ineffective  five  months  later  in  doses 
as  high  as  0.40  mg.  It  was  also  shown  that  the  increased  resistance  to  re¬ 
laxin  was  not  a  consequence  of  an  increased  estrogen  requirement ;  animals 
found  to  be  unresponsive  to  relaxin  remained  so  even  when  the  amount  of 
estradiol  was  increa.sed  twenty-fold. 
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Tliis  paper  describes  some  experiments  which  were  undertaken  to  eluci¬ 
date  further  the  mechanism  of  loss  of  sensitivity.  The  results  indicate  that 
resistance  to  the  action  of  relaxin  under  the  conditions  described  above 
probably  has  an  immunological  basis. 

EXPERIMENTAL 

(iuinea  i)if!;s  were  received  into  the  assay  colony  as  iininature,  virgin  females  weinhiii}; 
between  27.5  and  .32.5  f;in.  Both  ovariectoinized  and  intact  animals  were  used.  One 
twentieth  ml.  of  a  solution  of  estradiol-1 7-/3  in  sesame  oil  (0.020  mg. ml.)  was  injected 
daily  for  4  days.  Relaxin  assays  were  i)erformed  as  previously  described  (2)  on  the  .5th 
day,  the  results  being  exjjressed  in  terms  of  the  ‘Total  Response’  (T.R.)^  of  each  group 
of  .S-r2  animals. 

Two  relaxin  i)rci)arations  were  used.  One,  designated  126-1,  was  isolated  from  acetone- 
driefl  pregnant  sow  ovarian  powder’  by  the  method  of  Frieden  and  Hisaw  (2)  and  con¬ 
tained  40-()0  OFl'  mg.  The  other  preparation,  referred  to  as  64-1,  was  isolated  from 
rabbit  blo(»d  collected  between  the  2.5th  and  2Sth  day  of  gestation.  The  method  of  .\lbert 
and  Money  (3)  was  used  to  concentrate  the  serum;  the  concentrate  was  stored  as  a  dry 
p<»wder  after  lyoi)hilization.  Its  potency  in  repeated  assays  averaged  4  OPU/ing.  in 
19,52  and  3  GPU  mg.  in  19.57. 


RESULTS 

Two  type.s  of  experiments  were  performed.  For  the  first,  twenty  guinea 
pigs  were  ovariectoinized  and  divided  into  two  groups  (A  and  B).  Both 
groups  were  primed  with  estradiol  every  other  week  for  the  duration  of 
the  experiment  (4  months).  Each  animal  of  group  A  also  received  0.050- 
0.100  mg.  of  preparation  126-1  every  other  week,  and  the  respon.ses  to 
the.se  injections  noted.  When  the  re.sponse  of  the  animals  in  group  A  had 
markedly  diminished,  a  eompari.son  was  made  of  the  respon.se  of  the  two 
groups  to  the  .same  relaxin  preparation. 

The  re.sults  are  .summarized  in  Table  1.  It  may  be  ob.served  that  83 
months  after  the  start  of  the  experiment,  0.20  mg.  of  126-1  was  less  effec¬ 
tive  in  group  .\  than  was  0,0.50  mg.  three  months  earlier.  The  response  of 
group  B  to  0.0.50  mg.  126-1,  on  the  other  hand,  was  undiminished.  These 
data  indicate  that  the  refractory  state  develops  as  a  re.sult  of  repeated 
relaxin  injections,  and  is  not  due  to  prolonged  e.strogen  treatment;  nor  is  it 
a  normal  accompaniment  of  aging  in  guinea  pigs. 

The  .second  .series  of  experiments  was  designed  to  explore  further  the 
role  of  immune  phenomena  in  resi.stance  to  relaxin.  Earlier  studies  had 
shown  that  although  precipitates  were  obtained  when  solutions  of  relaxin 
were  mixed  with  serum  obtained  from  resistant  animals,  the  relaxin  con¬ 
tent  of  the  supernatant  solution  was  not  thereby  diminished.  Since  this 

’  A  “Total  Response’’ of  .50  or  le.ss  represents  little  or  no  aetivitx’,  while  values  of  1.50 
or  more  indicate  marked  relaxation.  A  T.R.  of  120  eorresponds  to  1  Guinea  Pig  Unit 
(GPU)  of  relaxin. 

’  A  generous  supply  of  this  powder  was  made  available  to  us  by  the  Armour  Labora¬ 
tories. 
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tAperimeiit  involved  only  a  single  “antii'eruin” :  “antigen”  ratio,  and 
-  nee  the  possibility  exists  that  any  antigen-antibody  complex  which  might 
|»>  formed  might  remain  in  solution,  these  experiments  were  judged  to  be 
i  conclusive.  An  alternative  approach  to  the  problem  was  therefore  de- 
\  >ed.  If  the  resistance  observed  in  guinea  pigs  given  repeated  injections 
(I  relaxin  from  ovaries  of  pregnant  sows  is  due  to  formation  of  a  circulat- 
ii.g  anti-hormone,  such  animals  would  be  expected  to  be  relatively  more 
ivsponsive  to  relaxin  from  another  species  of  animal  fe.g.,  the  relaxin  of 
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pregnant  rabbit  serum).  This  phenomenon  would  be  signalled  by  a  signiK- 
cant  decrease  in  the  ratio  of  activities  of  the  two  preparations  described 
above  compared  to  that  found  in  maximally  .sensitive  animals. 

.Vccordingly,  observations  were  made,  in  several  groups  of  guinea  pigs, 
of  the  amounts  of  12b-l  (sow  ovary  relaxin)  and  b4-l  (pregnant  rabbit 
serum  relaxin)  required  to  produce  relaxation  after  the  animals  in  the.se 
groups  had  become  refractory  to  sow  ovary  preparations.  These  experi¬ 
ments  in'dicated  that  although  the  eCfectivene.ss  of  both  preparations  was 
(liminished,  the  apparent  decrease  in  activity  of  12(5-1  was  proportionately 
much  greater;  the  ratio  of  activities  of  the  two  preparations  in  refractory 
animals  was  approximately  4:1,  compared  to  the  expected  value  of  al)OUt 
l."):l  based  upon  a.s.says  in  sensitive  animals. 

•More  extensive  data  were  obtained  in  two  groups  of  guinea  pigs.  (Jroup 
.\X  had  been  introduced  into  the  assay  colony  in  early  October,  lOoti.  In 
M  middle  of  January,  19.57,  after  the  response  to  standard  sow  ovary 
f)reparations  had  .sensibly  diminished,  comparisons  were  made  of  the  activ¬ 
ities  of  the  two  preparations.  The  data  are  shown  in  Figure  1,  in  which  a 
(loserT.R.  curve  is  plotted  for  each  preparation.  It  may  be  seen  that  the 
apparent  activity  ratio  (126-1 :64-l)  is  le.ss  than  2. 

(Jroup  XXI  received  its  first  priming  course  of  estrogen  early  in  Decem¬ 
ber,  1956.  After  preliminary  injections  of  relaxin  had  established  the  .sensi- 
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Fig.  1.  Doso-Total  Response  ewrves  for  j)iej)aiations  12(5-1  and  (54-1,  usiiiK  guinea 
pigs  of  group  XX.  Open  eireles,  solid  line:  12(5-1 :  e.xtrapolated  (to  T.  R.  =  120)  potency 
is  3  (JPr  ing.  Filled  circles,  luoken  line:  04-1;  interjxjlated  potency  is  l.S  GPU/iug. 

tivity  of  this  ^loup  of  animals,  a  comparison  was  made  of  its  response  to 
()4-l  and  Five  months  later  (various  sow  ovary  preparations  having 

been  injected  in  the  interim),  the  comparison  was  repeated.  The  data  are 
summarized  in  Figure  2. 

It  is  clear  that  a  profound  change  in  activity  ratio  has  occurred  during 
the  five  months  encompassed  by  this  experiment.  While  the  data  for  prep¬ 
aration  126-1  obtained  in  May,  1957  do  not  permit  an  accurate  estimate  of 


Fig.  2.  Dose-Total  Response  curves  for  preparations  12(5-1  and  64-1,  using  guinea 
])igs  of  group  XXI.  Open  circles:  126-1 ;  Hlled  circles:  (54-1.  Solid  lines:  data  of  .January, 
19.57;  broken  lines:  data  of  May,  19.57.  Potency  estimates:  .January,  19.57 — 126-1  =60 
GPU/  mg.,  64-1  =3  GPU/  mg.  May,  1957 — 126-1  =  <4  GPU/mg.,  64-1  =0.7  GPU/mg. 
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's  potency  at  that  time,  its  activity  is  manifestly  less  than  4  GPU  mg. 
rims  the  activity  ratio  decreased  from  20:1  to  less  than  5:1  after  five 
iionths. 


DISCUSSION 

The  data  presented  above  indicate  firstly,  that  refractoriness  to  the  ac- 
lon  of  relaxin  in  guinea  pigs  develops  only  after  repeated  injections  of  the 
lormone,  and  secondly,  that  marked  diminution  in  the  sensitivity  of 
.uinea  pigs  to  the  action  of  porcine  relaxin  may  be  accompanied  by  a  much 
mailer  reduction  in  responsiveness  to  relaxin  of  pregnant  rabbit  serum. 
These  facts  suggest  that  the  formation  of  an  antirelaxin  antibody  is  respon¬ 
sible  for  the  loss  in  sensitivity  whicli  is  observed.  The  fact  that  some 
lecrease  in  sensitivity  to  (54-1  follows  repeated  injection  of  relaxin  from 
s()w  ovaries  indicates  that  the  antihormone  is  of  limiteil  species  specificity. 
In  this  connection,  it  is  of  interest  to  note  that  repeated  administration  of 
(54-1  to  guinea  pigs  which  have  become  refractory  to  porcine  relaxin  results 
111  a  rapid  further  loss  in  sensitivity  to  the  former  preparation. 

Several  interesting  parallels  may  be  drawn  between  the  development  of 
resistance  to  relaxin  in  guinea  pigs  and  the  appearance  of  antihormones  in 
other  species  of  animals.  Thus,  from  Table  1  it  appears  that  a  significant 
decrease  in  responsiveness  to  relaxin  can  be  detected  within  two  to  three 
months  after  beginning  bi-weekly  injections;  a  similar  period  of  time  was 
found  by  Maddock,  ct  al.  (4,  5)  to  be  required  for  the  appearance  of  anti¬ 
hormones  to  hog  FSII  in  women. ^  The  lack  of  absolute  specificity  of  the 
anti-relaxin  response  is  of  interest  in  view  of  the  fact  that  antigonadotropic 
sera  appear  to  possess  a  rather  low  order  of  specificity  generally,  as  judged 
by  the  ability  of  anti-FSH  sera  to  inhibit  heterologous  pituitary  and 
chorionic  gonadotropins  (4,  (5,  7). 

The  observation  that  repeated  injections  of  relaxin  produce  a  refractory 
state  in  at  least  one  species  of  animal,  and  that  this  plienomenon  probably 
has  an  immunological  basis  assumes  importance  in  view  of  the  increasing 
clinical  use  of  non-steroid  ovarian  preparations.  Since  the  preparations 
used  in  this  .study  were  both  chemically  and  biologically  heterogeneous, 
the  relative  importance  of  relaxin  and  other  protein  components  of  the  mix¬ 
ture  for  phenomena  described  above  can  be  assessed  only  after  further 
study. 
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!XA(TIVATI()N  of  acth  by  isolated  rat  adrenals 
AND  INHIBITION  OF  (X)RTKX)ID  FORMATION 
BY  ADRENOrORTKWL  HORMONES* 

MARION  K.  BIRMINCJIIAM  and  ERIKA  KFR LENTS 

\llan  Memorial  laatitate  of  Projchintrii,  Mrdill  rnivrr«itji,  MoiitrenI,  (Jut  lx  e,  danaila 

AHSTRAC’T 

The  res))()nse  In-  isolated  rat  adrenals  to  AC'TII  is  dej)endent  ujxni  the 
amount  of  ACTH  added  per  unit  weifjht  of  tissue  and  is  indei)endent  of  the 
coneentration  of  ACTH  in  the  medium. 

Incubated  rat  adrenals  resjjond  to  moderate  doses  of  ACTH  with  an  in¬ 
creased  rate  of  corticoid  formation  for  a  limited  time  oidy. 

Contact  with  adrenal  tissue  causes  a  decrease  in  amount  and  eventual  dis- 
ai)i)earance  of  AC'i'H  activity  in  the  medium. 

Kxposure  for  five  minutes  to  A('TH  stimulates  the  corticoid  formation  In- 
adrenals  subsetpiently  placed  in  ACTH-free  medium. 

'riiese  and  other  observations  sui'.mest  that  ACTH  is  bound  and  inactivated 
by  adrenal  tissue. 

The  formation  of  corticoids  by  rat  adrenals  is  inhibited  by  the  addition  of 
medium  in  which  other  adrenals  have  been  incubated,  by  the  residue  from  a 
lipid  soluble  e.xtract  of  such  medium,  and  by  crystalline  com])ounds  F  and  I?. 
C'oncentrations  of  corticoid  as  low  as  KC^.l/  are  inhibitory,  indicatin-j;  the 
possibility  that  the  inhibition  of  the  jiituitary-adrenal  system  by  adrenal 
cortical  steroids  may  occur,  to  some  extent  at  least,  at  the  level  of  the  adrenal 
cortex. 

For  the  study  of  factors  influencing  the  corticoid  production  of  the 
adrenal  cortex  tlie  use  of  a  system  employing  isolated  adrenal  ti.ssue 
is  of  great  advantage  l)ecause  the  complications  introduced  by  tlie  presence 
of  other  tissues  in  the  intact  organism  are  avoided.  Thus,  by  the  u.se  of 
tlie  in  vitro  technique,  it  became  possilde  to  estalilish  that  calcium  ions 
are  reipiired  for  the  corticosteroidogenic  response  to  ACTH  (1),  and  that 
the  response  to  ACTH  is  decrea.sed  or  abolished  by  reversal  of  the  so¬ 
dium :  potassium  ratio,  by  anaerobiosis,  and  by  inhiliitors  of  the  glycolytic 
pathway  of  gluco.se  metabolism  (2). 

The  studies  reported  here  .suggest  1)  that  .\CTH  is  liound  and  inac¬ 
tivated  by  adrenal  tissue  and  2)  that  the  inhibition  of  the  pituitary-adrenal 
system  by  ailrenocortical  .steroids  may  occur,  to  some  extent  at  least,  at 
the  level  of  the  adrenal  cortex. 

METHODS 

.\drcnals  from  4  to  S  mule  Spra'^ue-Dawloy  rats,  wci.uhinf!;  200  }?m.  ur  less,  were  halved 
or  quartered  and  incubated  in  Krebs-Riiv'er-bicarbonate-O.Ol  M  fiihicose  medium  in  the 
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Warburg  or  Dubnoff  apparatus  under  95%  02-5%  CO:  at  3S®.  The  adrenal  tissue  \va> 
distributed  in  such  a  way  that  each  vessel  contained  a  half  or  a  quarter  of  an  adrenal 
from  each  rat.  After  a  preincubation  i)eriod  of  30  minutes  to  (»ne  hour  the  medium  was 
discarded  and  the  adrenals  were  reincubated  with  fresh  medium,  with  or  without  addi 
tions  of  •VCTH'*  and  of  substances  whose  effect  on  corticoid  i)roduction  was  to  be 
examined.  Unless  otherwise  stated,  the  corticoid  production  during  the  following  incu¬ 
bation  i)eriod  or  periods  was  determined  by  measuring  the  ultraviolet  absorption  of  a 
methylene  chloride  extract  of  the  medium  with  a  i)eak  at  240  m/u  (3),  not  just  the  absorj)- 
tion  at  240  m/x. 

The  mixture  of  lipid  soluble  substances  formed  by  the  adrenal  undoubtedly  includes 
comi)ounds  that  are  mtt  tyi)ically  corticoids,  us  defined  by  Selye  (4),  and  may  include 
l)recursors  or  metabolites  of  c(»rticosterone,  which,  according  to  Bush,  is  the  princi|)al 
corticosteroid  of  the  rat  (5).  Previous  papers  from  our  laboratory  showed  that  the  lipid 
soluble  substances  formed  by  rat  adrenals  in  vitro  have  the  following  properties. 

1.  They  absorb  ultraviolet  light  with  a  maximum  at  about  240  m/x  (3,  6,  7). 

2.  More  than  half  of  the  ultraviolet  absorbing  material  reduces  a  substituted  tetra- 
zolium  reagent  (<S). 

3.  Their  production  is  increased  by  .\CTH  (2,  3.  0,  7,  S). 

4.  The  increased  })roduction  is  de|)endent  upon  the  amount  of  .\CTH  added  (3,  fi,  7). 

5.  They  decrease  the  number  of  circulating  eosinophiles  in  adrenalectomized  mice  (0). 

0.  .Vfter  i)ai)er  chromatography  in  tw(»  solvent  systems  the  ultraviolet  absorbing 

material  with  a  jjolarity  of  that  of  corticosterone  or  greater  represents  more  than  .S0% 
of  the  total  ultraviolet  absorption  (H).  The  addition  of  .VC’TH  results  in  an  increased 
formation  of  all  fractions  but  the  greatest  increase  occurs  in  the  area  with  the  mobility 
of  corticosterone. 

We  feel,  therefore,  that  the  total  ultraviolet  absorbing  lipid  is  representative  of  the 
steroids  produced  by  the  adrenal  cortex  in  vitro  that  are  influenced  by  .\CTH.  For  the 
survey  of  the  many  factors  influencing  the  total  adrenocortical  response  to  .VCTH  the 
ultraviolet  method  is  the  most  effective  because  of  its  simplicity,  speed,  sensitivity  and 
precision.  For  a  more  detailed  analysis  of  alterations  in  the  formation  of  the  various 
corticoids.  paper  chromatograph}'  (9),  reduction  of  a  substituted  tetrazolium  reagent. 
May  and  Baker  17()7  (10)®  and  the  Porter-Silber  reaction  (11)®  were  applied. 

®  The  doses  of  ACTH  (Connaught,  Lot  S-3)  are  based  upon  the  label  potency. 
l.S  u./mg.  However,  an  assay  carried  out  after  completion  of  this  investigation  indicated 
a  potency  of  1.4  u./mg.  (3). 

®  In  contrast  to  our  earlier  publications  (8)  we  have  followed  Henley’s  procedure  (10) 
closelv.  .Vlicpiots  of  methylene  chloride  extracts  containing  1.5  to  8  /xg.  of  reducing  lipid 
were  taken  to  dryness  and  dissolved  in  0.2  ml.  of  95%  ethanol  at  38“  for  30  minutes; 
0.15  ml.  of  a  reagent  containing  1.5  mg.  of  2,5-diphenyl-3-(4-styrylphenyl)-tetrazolium 
chloride  (May  and  Baker  1767)  per  ml.  of  95%  ethanol  was  added,  followed  by  0.15  ml. 
of  a  reagent  containing  0.3  ml.  of  10%  aqueous  solution  of  tetramethyl-ammonium 
hydroxide  in  10  ml.  of  95%  ethanol,  .\fter  20  minutes  at  28“  in  the  dark,  0.15  ml.  of 
0.045  M  acetic  acid  in  ethanol  was  added,  and  the  absorption  at  510  m/u  was  read  in 
microcuvettes  against  a  reagent  blank  and  compared  with  two  concentrations  of  standard 
compound  F  carried  through  the  same  procedure.  The  substituted  tetrazolium  chloride 
solution  was  prepared  fresh  daily. 

*  .\liquots  of  methylene  chloride  extracts,  containing  2-6  /xg.  of  Porter-Silber  chromo¬ 
gens  in  0.5  to  3  ml.  of  methylene  chloride,  were  added  to  two  tubes,  tube  A  receiving  0.5 
ml.  of  “blank  reagent”  (11),  tube  B  receiving  0.5  ml.  of  “phenylhydrazine-sulfuric  acid 
rejvgent  with  ethanol”  (11).  The  tubes  were  shaken  vigorously  for  30  seconds,  centri- 
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RESULTS 

E  cct  of  ACT H  concentration 

The  response  by  rat  adrenals  to  added  ACTH  is  proportional,  not  to  the 
C(  iicentration  of  ACTII  in  the  medium,  hut  to  the  amount  of  ACTH  added 
p.  ’  unit  tissue.  The  following  observations  illustrate  this  point: 

i)  When  the  ACTH  concentration  in  the  medium  is  kept  constant  but 
tl  amount  of  ACTH  per  unit  tissue  is  varied  by  varying  the  volume  of 
111' ilium,  the  corticoid  production  increases  with  the  amount  of  A(^TH  per 
ui  it  tissue  (Fig.  1,  lower  part). 

b)  When  the  ACTH  concentration  is  varied  but  the  amount  of  .ACTH 
pc  r  unit  tissue  is  kept  constant  by  varying  the  volume  of  medium  inversely 
wiili  the  .ACTH  concentration,  the  corticoid  production  remains  the  same 
at  all  .ACTH  concentrations,  or,  if  anything,  is  slighth'  lower  at  the  higher 
.\('TH  concentrations  (Fig.  1,  upper  part). 


0  50  too  150 

ACTH,  MU/100  MG 


Fig.  1.  Lack  of  correlation  between 
.\CTH-concentration  of  the  medium  and 
response  to  .ACTH.  The  amount  of  tissue 
per  flask  was  constant,  about  .‘tO  m<^. 
Upper  part:  Volume  of  medium  varied  in¬ 
versely  with  the  .ACTH  concentration, 
between  0.5  and  2  ml.  Lower  part:  Volume 
of  medium  varied  directly  with  the  amount 
of  ACTH  added. 


c)  When  the  .ACTH  concentration  and  the  volume  of  medium  are  kepi 
con.stant,  but  the  .ACTH  per  unit  tissue  is  varied  by  varying  the  amount 
of  tissue,  the  corticoid  production  per  unit  tissue  weight  is  higher  in  the 


fuged,  and  the  upper  layer  was  aspirated  and  discarded.  The  tubes  were  stoppered  and 
allowed  to  stand  overnight  in  the  dark.  The  ne.xt  morning  the  color  developed  in  tube  .A 
was  read  against  the  blank  reagent,  tube  B  against  the  phenylhydrazine  sulfuric  acid 
1 '  agent,  at  410  mu.  in  microcuvettes,  and  the  difference  between  tubes  A  and  B  was 
'■ompared  with  the  difference  obtained  with  standard  solutions  of  compound  F  carried 
•  hrough  the  same  jirocedure. 
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Table  I.  Lack  of  correlation  between  ACTH-concentration 
OF  THE  MEDII  M  AND  RESPONSE  TO  ACTH 


a.  X'oliiinp  of  m(‘(liuin  coiistaiif  at  1.5  ml.;  .\('TH  coiiceiitration  kept  constant  at 
10  me. /ml.;  tissue  per  flask  varied 


.Mg.  adrciials 

per  flask 

ACTH,  mi 

./lOO  mg. 

Aig.  corticoids/lOO  mg. 

.\ 

H 

A  B 

A 

H 

23 

(1(1  : 

53 

18 

27 

19 

22 

4(1  1 

54 

2(1 

1 7 

17 

32 

88 

(12 

23 

37 

21 

3(1 

102  1 

.55 

20  1 

31 

23 

2(1 

.50  ; 

(10 

30 

23 

19 

30 

(12  ' 

51 

24 

i  33 

21 

Mean  diff.  ±S.E.  8. 0  +  2. 3 

P  <0.02 


1).  Volunu'  of  nuKliiim  constant  at  1.5  ml.;  .\C’TH  per  unit  tissue  weight  kept 
constant  at  25  mi:. /1 00  mg.;  tissue  per  flask  varied 


.Mg.  adrenals 

])er  flask  | 

ACTH 

me. /ml. 

i  /ig.  corticoids/lOO  mg. 

.V 

H 

A 

H 

A 

H 

15 

43 

2.5 

7 .5 

42 

35 

14 

48 

2.5 

7.5 

24 

20 

8 

33 

1 .3 

5.4 

17 

19 

14 

28 

2.3 

4.7  1 

17 

19 

1(1 

42 

2.7 

7.0 

17 

19 

18 

45 

2.(1 

7.5  i 

25 

23 

Mean  diff.  +S.K.  1 

1  .2+1.4 

P 

>0.4 

('olumns  \  refer  to  the  flasks  containing  the  lesser  amount  of  tissue  and  Columns  H,  the 
greater. 


ve.ssels  containing  the  smaller  amount  of  tissue,  i.e.,  the  higher  amount  of 
AC'Tll  per  unit  ti.ssue  weight  (Table  la). 

(1)  When  tiie  ACTH  concentration  is  varied  in  proportion  to  the  tissue 
weight,  keeping  the  volume  of  medium,  and  hence  the  amount  of  ACTH 
per  unit  ti.ssue,  the  same,  the  corticoid  production  per  unit  tissue  is  also 
constant  (Table  lb). 

Time  couri<e  of  corticoid  production 

The  corticoid  production  occurs  at  a  fairly  constant  rate  for  about  two 
hours"  (Fig.  2).  The  rate  then  falls  off  and,  with  ACTH-.stimulated  adrenals 
( 100  mu.  100  mg.  adrenals),  reverts  to  the  unstimulated  rate.  The  corticoid 
production  per  unit  adrenal  weight  is  about  the  same  whether  halved  or 
(piartered  adrenals  are  used. 

Figure  8a  shows  the  average  time  course,  obtained  in  .six  experiments,  of 

‘  It  should  be  emphasized  that  these  time  studies  were  carried  out  after  a  preincuba¬ 
tion  period  of  30  minutes.  During  the  preincubation  as  much  corticoid  appears  in  the 
medium  as  in  the  subsequent  90  minutes  (12).  During  this  period  the  adrenals  are  also 
much  less  responsive  to  .added  .\CTH  (7). 
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Fig.  2.  Time  course  of  the  iirotluction 
of  >  orticoids  by  rat  adrenals  in  vitro.  Simi¬ 
lar  y  marked  points  indicate  values  ob- 
ta  ned  with  tissue  from  the  same  animals. 
Curves  marked  Q  were  obtained  with 
aii.enal  quarters,  others  with  halved 
ad  dials.  ACTH  concentration,  100 
no  ./1 00  mg. 


coiticoid  production  by  (luarter.s  of  the  same  adrenal  ti.s.sue  incubated 
wiiliout  ACTH,  and  with  10,  30  and  00  mu.  of  ACTH  per  100  mg-  Four 
samples  were  incubated  for  90  minutes,  and  four  for  ISO  minutes.  Figure 
31)  shows  the  average  increase  with  >.CTH  during  the  periods  of  0  90, 
90-180,  and  0-180  minutes. 

During  the  first  90  minutes,  all  ACTH  concentrations  caused  a  signifi¬ 
cant  increase  in  corticoid  production,  but  there  was  no  difference  between 
the  re.spon.se  obtained  with  10  and  with  30  mu.  During  the  second  90 
minute  period,  the  corticoid  production  liy  adrenals  incubated  with  the 
various  do.ses  of  ACTH  did  not  differ  .significantly  from  that  of  the  un- 
stimulated  adrenals.  At  the  lowe.st  ACTH  concentration  the  production 
during  the  second  90  minute  period  was  actually  lielow  that  of  the  un¬ 
stimulated  adrenals  in  most  experiments. 

Kjfecf  of  adrenah  on  ACTH  activity 

The  foregoing  experiments  showed  that  tlie  effect  of  .VCTH  decreases 


Fig.  3a.  Time  course  of  corticoid  production  with  different  doses  of  ACTH;  3b.  Dose- 
response  relationship  at  various  periods  of  incubation.  Bars  indicate  standard  errors. 
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with  time.  The  next  experiments  were  designed  to  see  whether  ACTH- 
eontaining  medium  in  contact  with  adrenals  for  one  hour  lost  its  a))ility  o 
stimulate  fresh  adrenals. 

Bisected  adrenals  were  preincul)ated  as  usual  and  then  incubated  witli 
.')()  mu.  of  ACTH  per  100  mg.  adrenals.  After  one  hour  the  medium  w.is 
removed  and  assayed  for  ACTH  activity  on  fresh  (luartered  adrenals  by 
the  method  of  SatTran  and  Schally  (8).  Since  preliminary  experiments  in¬ 
dicated  that  the  activity  was  too  low  to  en.sure  a  reliable  assay,  knovn 
amounts  of  ACTH  were  added  to  the  samples  to  be  assayed.  The  result', 


Table  2.  Loss  of  A('TH  activity  after  ixci  ration  for  one  hotr 

WITH  RAT  ADRENALS 


a(;th 

j)n“vit)iislv 
incubated 
witii  tissue 

Frc'sli 

ACTH 

aiided 

Total 

ACTH 

c'xpeeted 

ACTH 
recovered 
by  bioassay 

!>5% 

eonlidenee 

limits 

Index  of 
precision 

40 

40 

nil  ./ 100  niK- 
80 

33 

15-73 

X 

0.17 

40 

00 

100 

38 

20  71 

0.13 

.■)2 

00 

112 

22 

8-.54 

0.15 

AUTll  ineul)at(‘<l 
witiiout  tissue 

3.') 

— 

3.') 

37 

18  77 

0.10 

summarized  in  Tal)le  2,  indicated  not  oidy  a  loss  of  ACTH  activity,  after 
one  hour’s  incubation,  but  there  appeared  to  be  an  inhibitory  effect  of  the 
.\CTH-containing  medium,  which  had  been  in  contact  for  one  hour  with 
adrenals,  on  the  corticoid  output  of  fresh  adrenals,  for  not  ev  en  the  freshly 
added  ACTH  was  recov’ered.  On  the  other  hand,  there  was  no  loss  of  ac¬ 
tivity  when  ACTH  was  incubated  for  one  hour  at  38°  in  Ringer  medium 
without  tissue. 

Persistence  of  adrenal  response  after  removal  of  ACTH -containing  medium 

That  ACTH-containing  medium  in  contact  with  adrenals  for  as  little  as 
five  minutes  apparently  loses  some  of  its  activity  is  .seen  from  the  results  of 
eight  experiments,  summarized  in  Table  8.  Adrenals  from  four  rats  were 
bisecterl  and  distributed  among  four  Warburg  flasks  in  the  usual  way,  each 
flask  containing  four  adrenal  hah'es  contributed  by  four  rats.  After  pre¬ 
incubation,  one  set  of  adrenal  halv  es  was  incubated  with  ACTH-containing 
medium  (100  mu.  100  mg.)  for  o  minutes  at  room  temperature  or  at  38°. 
This  medium  was  then  added  to  the  .second  set  of  adrenals,  and  replaced 
with  ACTH-free  medium.  The  third  set  of  adrenals  was  incubated  with 
freshly  prepared  ACTH,  and  the  fourth  .set  with  ACTH-free  medium 
After  one  hour’s  incubation  at  38°,  the  corticoid  production  in  each  of  th(' 
four  flasks  was  determined.  The  ACTH-containing  medium  that  had  been 
in  contact  with  adrenal  tissue  for  five  minutes  increased  the  corticoici 
production  when  added  to  another  set  of  adrenal  halves  but  was  not  a 
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Table  3.  Ekfect  ok  5  mi.m  tes’  kontai't  with  AC'TH  ox  the  corticoid 

|■ROD^■(•TIO^■  BY  RAT  ADRENAL  HALVES 

mH-  vol'ticoids  produced  during  one  hour 


111  .V(’TH-frc(‘  incdluin 

With  .\(MM1 
(lot)  inc./lOO  mg.) 

.\ftcr  5  mill,  con¬ 
tact  with  .\(’TH 
(100  mr./lOO  mg.) 

In  A('TH- 
containing  medium 
previously  incubated 
for  5  min.  with  other 
adrenal  halves 

a  1 

b 

<* 

(1 

14 

28 

18 

28 

(i 

44 

,  20 

31 

13 

31 

I  17 

25 

12 

10 

15 

13 

15 

28 

23 

30 

13 

!  34 

14 

20 

1) 

30 

17 

24 

10 

3.i 

22 

18 

\Ic:iii  11.. 5 

31 . 1 

18.2 

24.4 

lifTfrciico  from  control 

10.0 

0.7 

10 

12.0 

.0 

.Mean  difT.  +S.E.  between  b  and  d  (i.T  ±2.2 
lietween  a  and  e  (>.7  ±  1 .0 
lietween  i)  and  e  1 1 .6  ±2.4 


p<0.()2 

p<0.01 

p<().0l 


In  the  first  tliree  ex])eriinents  the  5  minute  contact  with  .\('TH  was  carried  out  at  room 
tcin])erature:  in  all  others  at  38°.  The  incubations  for  one  hour  were  carried  out  at  38°. 


elTective  as  freshly  added  ACTH  medium.  Adrenals  in  contact  with 
ACTII  for  five  minutes  produced  significantl}’  more  corticoids  during 
the  following  hour  than  adrenals  in  ACTH-free  medium  but  less  than 
adrenals  in  contact  with  ACTH  for  one  hour.  It  will  be  noted  that  the 
average  increase  in  corticoid  production  by  adrenals  due  to  the  short 
contact  with  ACTH  plus  the  increase  obtained  with  the  ACTH-containing 
medium  which  had  previously  been  in  contact  with  adrenals  for  five 
minutes  was  equal  to  the  increase  obtained  with  fresh  ACTH. 

While  adrenals  in  contact  with  100  mu.  of  ACTH  per  100  mg.  for  five 
minutes  produce  more  corticoids  when  .subsequently  placed  in  ACTH-free 
medium  than  unstimulated  adrenals,  glands  in  contact  for  one  hour  with 
the  .same  amount  of  ACTH,  and  then  placed  in  ACTH-free  medium,  revert 
to  nearly  the  unstimulated  rate  of  corticoid  production  (Table  4).  Tliere 
was  no  consistent  difference  between  the  corticoid  production  by  glands  in 
contact  with  ACTH  for  one  hour  when  they  were  thoroughly  washed,  or 
not  washed  at  all  before  being  placed  in  ACTH-free  medium. 

Inhibitory  ejfect  of  ACTH-free  adrenal  incubation  medium 

It  will  be  recalled  that  ACTH-containing  medium  in  contact  for  one 
hour  with  adrenals  not  only  had  lost  its  activity  but  in  .some  cases  appeared 
to  have  an  inhibitory  effect  when  added  to  new  adrenals  (see  Table  2). 
In  the  experiments  .summarized  in  Table  o,  ACTH-free  medium  in  contact 
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Tahi.k  4.  IA'fkct  ok  onk  hoi  r’s  contact  with  ACTII  ox  thk 

CORTICOII)  PRODCCTION  BY  RAT  AUREXAI.S 


ACTH, 

100  mi'./lOO  iiiK.:  /ug.  eortieoids/ hr./lOO 

mg. 

1st  hr. 

2nd  hr. 

1 

st  hr. 

2nd  hr. 

With 

ACTII 

.\CTII-ooiitainiii(i  medium  replae 
.\CTH-free  medium 

ed  with 

No  ACTH 

Clauds 

Washed  with  3. .5  ml. 

medium 

Medium 

not  washed 

lx  3x 

(ix 

rei)laeed 

30 

30 

30 

20 

IT) 

13 

10 

13  13 

1!»  12 

12 

17 

10 

lo.st 

10 

13 

12 

S 

12 

•Mean  31 

10 

10  13 

11 

10 

11 

with  adrenals  for  1)0  minutes  was  added  to  new  adrenals  and  the  eorticoid 
production  compared  with  that  of  adrenals  from  the  same  animals  in  fresh 
medium,  all  adrenals  receiving  either  the  same  amount  of  ACTH,  or  no 
AC'TII  at  all.  In  nine  out  of  ten  experiments  the  adrenals  in  medium  in 
which  other  adrenals  had  been  incubated  produced  less  corticoids  than 
adrenals  in  fresh  medium. 

lijfrct  of  periodic  change  of  incubation  medium 

From  these  findings  it  was  to  he  expected  that  a  higher  eorticoid  produc¬ 
tion  would  result  if  the  medium  were  changed  frecpiently.  This  was  the 
case  (Table  (>).  In  the  a))sence  of  .VCTH  more  corticoids  were  produced 
when  the  incubation  medium  was  changed  than  when  it  was  not  changed. 
When  a  given  amount  of  .VCTH  was  added  at  the  beginning  of  the  incuba¬ 
tion  period,  less  corticoids  were  produced  than  when  the  same  amount  was 
added  in  divided  doses,  removing  the  old  medium  and  adding  fresh  medium 
each  time.  When  .VCTII  was  added  in  divided  doses  without  changing  the 
medium,  again  significantly  less  corticoids  were  produced  than  when  the 
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\  /  11  1  *  /  1  OO  tti  ir  _ 

gg.  eortieoids /1 00 

mg./OO  mi  uites 

.\\  1  11  IlM  ./  MFw  111^. 

In  l'r(‘sh  im'diiim 

In  old  ineuhation  imalium 

_ 

17 

0 

13 

11 

2.1 

2.1 

10 

.iO 

40 

30 

.iO 

34 

20 

.iO 

.iO 

34 

7.1 

41 

13 

100 

31 

28 

100 

27 

30 

100 

30 

28 
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Table  (>.  Effect  of  CHAX<iE  of  medicm  o.\  the  corticoid  prodcctiox 
BY  rat  ADREXALS 


('ortieoid  production, 

MK.  100  niK. 

Inciilia- 

tioii 

periods 

Medium  , 

not  eluii.Ked  chauf?ed 

^  each  |)(‘rio(l 

DilT.  +S.E. 

P 

A.  No  A('TH 

(!tl 

2X4.j' 

21.2  28.2 

7.0  ± 1  .0 

<0.01 

B.  With  At'TM 

1 

i 

\,Li...i  .\ddetl  in  divided 

sfut  ‘loses  at  l.eginninfi 

ol  each  period 

no  ./ 

100  nifi. 

,,  ,.  ,  -Medium 

-Medium  not  ,.h:inged 

(•handed  each  jieriod 

«•) 

2X4.')' 

30 

42.2  —  .yI.5 

0.3  ±2.'.) 

<0.07) 

(1) 

()X20' 

0 

13  11  27 

(1) 

4X30' 

24 

10  10  .38 

(1) 

(1) 

2X00' 

100 

38  27  47 

2X00' 

100 

30  37  52 

FifSiircs  ill  piirciitlicscs  nuinticr  of  cxix'iiincnts. 


AC'TII  was  added  in  divided  doses  hut  with  a  change  of  medium  each  time. 
There  appeared  to  he  little  difference  ))etween  the  corticoid  production 
when  the  ACTH  was  added  all  at  once  at  the  heginning  of  the  incuhation 
period,  or  in  divided  doses,  without  change  of  medium. 

Klfcct  of  added  corticoids 

The  po.ssihility  was  considered  that  the  corticoids  liberated  into  the 
niedium  might  have  an  inhihitory  effect  on  further  corticoid  production. 
Hat  adrenal  incuhation  medium  was  therefore  extracted  with  methylene 
chloride, 'taken  to  dryne.ss,  dissolved  overnight  in  isotonic  sodium  chloride 
solution  and  added  to  fresh  preincuhated  adrenals.  In  other  experiments, 
cry.stalline  compound  F  was  added.  After  4.1  minutes’  incuhation,  the 
medium  was  removed  and  the  adrenals  were  reincuhated  with  a  second 
dose  of  corticoids.  The  lipid  extract  from  rat  adrenal  incuhation  medium, 
as  well  as  crystalline  compound  F,  iidiihited  the  corticoid  production, 
particularly  during  the  second  incuhation  period  (Table  7). 

Figure  4  shows  the  pattern  obtained  by  scanning  at  240  lUju  papergrams 
of  extracts  of  media  from  adrenals  incubated  with  and  without  added 
compound  F.  370  mg.  of  quartered  adrenals  were  incubated  in  eight  flasks, 
four  flasks  containing  12.3  mK-  of  compound  F  is  one  ml.  medium,  the 
others  without  added  steroid.  After  one  hour  the  medium  was  replaced 
with  fresh  medium.  At  the  end  of  two  hours  the  first  and  second  hour  in- 
'•uhation  media  were  pooled,  extracted  with  methylene  chloride,  and  ali- 
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Fig.  4.  Absorption  at  240  m/x  of  papc  - 
Srams  obtained  from  rat  adrenal  ineub;  - 
tion  media  bj'  the  method  of  Burton  et  ti!. 
(9):  a)  Aliquot  of  medium  in  which  adre  ¬ 
nals  had  been  incubated  without  additit  u 
of  compound  F.  b)  Aliquot  of  compoun.l 
F-containing  medium  incubated  with  ad¬ 
renals.  c)  Aliquot  of  compound  F-contaiii- 
iiiK  medium  not  incubated  with  tissue  ami 
to  which  compound  B  had  been  added  as 
marker  after  extraction  with  methjleeii 
chloride.  Values  shown  are  calculated  pi  r 
total  medium.  Dotted  lines  along  abscissae 
indicate  position  at  which  strips  were  cut. 
P.S.  =  Porter-Silber  chromogens  obtained 
from  strips  in  the  F  region.  UV  =  ultra¬ 
violet-absorbing  lipid.  Bars  compare  the 
total  UV-absorbing  lipid  obtained  before 
and  after  chromatography.  Shaded  area 
represents  the  amount  of  compound  F 
added. 


(juots  were  chromatographed  hy  the  metliod  of  Burton  et  al.  (9). 

Four  (liistinet  peak.s  were  oltserved,  in  agreement  with  the  finding.s  of 
Heard  et  al.  (13)  and  of  Ei.sen.stein  (14),  l)oth  in  the  presence  and  absence 
of  added  compound  F.  The  first  and  fourth  peak  corresponded  to  the  posi¬ 
tion  of  authentic  compounds  F  and  B,  respectively,  on  a  control  strip.  The 
areas  corresponding  to  the  peaks  were  eluted  separately  with  methanol 
and  the  ultraviolet  ab.sorption  of  the  eluates  was  measured.  In  agreement 
with  previous  work  from  this  laboratory  (8),  over  8o  percent  of  the  total 
ultra violet-ab.sorbing  material  was  recovered  from  the  strips  in  areas  of 


% 


'i 


Table  7.  Ekfect  of  added  corticoids  ox  the  corticoid  production- 

BY  RAT  ADRENAL  GLANDS 

lig.  corticoids  produccd/lOO  mg.  adrenal 


Control 

-l-compound  F. 

Mean  diff. +8.K. 

P 

1st  4.5' 

(h) 

9.0 

0.8 

2. 8  +  1. 3 

>0.0.5 

2nd  4.5' 

«i) 

11.0 

2.3 

0.3  ±1.0 

<0.01 

Control 

-^extracted 

corticoids 

1st  4.5' 

(4) 

0.2 

5.5 

3. 7+0.0 

<0 .0.5 

2nd  4.5' 

(•5) 

11.4 

2.4 

0.011.8 

<0.01 

Figures  in  parentheses  represent  numlier  of  experiments.  Compound  F  or  corticoids  ex¬ 
tracted  from  rat  adrenal  incubation  medium  were  added  at  the  beginning  of  each  incubatioi. 
period.  The  amount  added  was  4-(i  mK-  P‘‘r  (volume  of  inculiation  medium,  1..')  ml.) 
or  20-30  Mg-  per  100  mg.  adrenals. 
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ni  )l)ility  of  that  of  compound  B  or  less.  The  F  region  yielded  KLo  jug.  of 
cciticoid  per  190  mg.  tissue  from  medium  to  which  no  steroid  had  been 
aiided.  However,  from  incubation  medium  to  which  compound  F  had  been 
ai:ded,  only  the  amount  recovered  from  the  control  strip,  84  /ug.,  was  ob- 
la  ned,  indicating  complete  suppression  of  the  production  of  corticoid  with 
ni<»l)ility  in  the  F  region.  The  Porter-Silber  chromogens  in  the  eluate  of  the 
F  region  also  equalled  the  amount  of  F  recovered  from  the  control  strip. 
TiiC  areas  corresponding  to  the  remaining  three  peaks  yielded  values,  by 
ulnaviolet  al)sorption,  that  were  nearly  the  same  in  the  presence  and  ab- 
.<(  'ice  of  added  compound  F. 

Figure  o  is  a  typical  comparison  of 
tlic  effect  of  added  compounds  F 
and  B  on  the  corticoid  production. 

The  methylene  chloride  extract  of 
the  medium  after  incubation  was 
analyzed  for  a-^  unsaturated  ke¬ 
tones  by  the  ultraviolet  absorption 
method,  for  Porter-Silber  chromo¬ 
gens,  and  for  the  ability  to  reduce  a 
sulistituted  tetrazolium  reagent, 

May  and  Baker  1707. 

The  addition  of  compound  F 
caused  a  complete  suppression  of 
tlie  appearance  of  Porter-Silber 
chromogens,  which  could  account 
for  the  decrease  in  both  ultraviolet¬ 
absorbing  materials  and  reducing 
substance.  The  addition  of  com¬ 
pound  B  suppressed  the  formation 
of  q:-/3  unsaturated  ketones  and  re¬ 
ducing  substances  but  had  no  sig¬ 
nificant  effect  on  the  Porter-Silber 
cliromogens. 

DISCUSSION 

Possible  binding  of  ACTH 

Observations  in  agreement  with  the  concept  that  the  binding  of  ACTII 
by  the  adrenal  cortex  and  its  inactivation  occur  during  the  process  of 
'timulating  corticoid  formation  are  that  1)  the  response  to  ACTH  is  de¬ 
pendent  upon  the  amount  of  ACTH  per  unit  weight  of  tissue  rather  than 
upon  the  concentration  in  the  medium;  2)  the  corticoid  production  by 
adrenals  exposed  to  moderate  doses  of  ACTH  (less  than  100  mu., MOO  mg.) 
is  stimulated  for  a  limited  period  only,  and  eventually  reverts  to  the  un- 
>timulated  rate,  even  though  the  adrenals  are  still  fully  capable  of  re- 
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Fig.  5.  Comparison  of  the  effects  of 
added  compounds  F  and  B  on  the  produc¬ 
tion  of  UV-absorbing  lipid  (I  l),  lipids 
reducing  M  and  B  1767  ( r-.v-:-.-] )  and 
Porter-Silber  chromogens  (■■).  a)  160 
mg.  tissue  incubated  for  two  hours  with 
and  without  IS/zg.  of  compound  F,  chang¬ 
ing  the  medium  after  the  first  hour,  b)  130 
mg.  tissue  incubated  in  the  same  manner 
with  and  without  25  /xg.  of  compound  B. 
Concentration  of  added  steroid  was  3.8  and 
6.2  /xg./ml.  medium,  tissue  concentration 
about  40  and  32  mg. /ml.  medium, 
respectively. 
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spoluling  to  ACT  1 1 ;  3)  short  exposure  (five  minutes’)  of  adrenals  to  ACTil 
stimulates  the  suhsecpient  formation  of  corticoids  in  ACTH-free  mediuM, 
and  correspondingly  decreases  the  ACTH-activity  in  the  medium  whi(  h 
had  been  in  contact  for  the  short  period  with  the  adrenals;  4)  longer  ex¬ 
posure  (1  to  I5  hours)  results  in  complete  loss  of  ACTH-activity  in  the 
medium  at  the  dose  levels  used,  and  the  corticoid  formation  by  the  ad¬ 
renals  subsefiuently  placed  in  ACTH-free  medium  is  no  longer  stimulated, 
indicating  that  the  ACTH  presumably  bound  or  absorbed  by  the  gland  has 
become  inactivated.  However,  with  exposure  to  massive  doses,  two  units 
per  100  mg.  for  one  hour,  Saffran  and  Bayliss  (7)  observed  .stimulated 
corticoid  formation  by  adrenals  subsequently  placed  in  ACTH-free  me¬ 
dium,  analogous  to  our  findings  with  short  exposure  at  low  do.ses. 

Definite  proof  for  the  validity  of  this  concept  requires  the  demonstration 
of  .VCTH  in  adrenal  tissue  after  exposure  to  the  hormone.  In  the  ca.se  of 
insulin,  another  polypeptide  hormone,  the  binding  by  a  target  organ,  mus¬ 
cle,  has  been  proven  unequivocally  (15). 

Inhibition  by  adrenocortical  steroids 

The  .suppression  of  the  formation  of  corticoids  by  added  compounds  F 
and  B  and  the  evidence  that  the  corticoids  produced  by  the  rat  adrenal 
in  vitro  include  the.se,  or  very  .similar,  .steroids,  offer  a  good  explanation  for 
the  ob.servations  1)  that  the  rate  of  formation  of  corticoids  in  vitro  falls  olT 
with  time,  2)  that  the  rate  is  increased  by  a  change  in  medium,  3)  that 
medium  from  previously  incubated  adrenals  inhibits  corticoid  production 
by  fresh  adrenals  and  4)  that  the  residue  from  a  methylene  chloride  extract 
of  medium  from  incubated  rat  adrenals  is  inhibitory.  In  each  case,  extra 
corticoids  accumulate  or  are  added. 

The  increase  in  corticoid  production  with  change  of  medium  explains  the 
discrepancy  of  the  results  of  our  time  course  studies  with  tho.se  published 
by  Saffran  and  Bayli.ss  (7).  The  latter  authors  found  a  constant  corticoid 
production  over  a  5-hour  period  as  oppo.sed  to  a  decrease  in  production 
rate  with  time  found  in  the  pre.sent  work.  Saffran  and  Bayliss  changed  the 
medium  at  hourly  intervals. 

The  inhil)ition  by  corticoids  appears  to  be  .somewhat  specific.  Added 
compound  F  .suppressed  the  formation  of  a  compound  F-like  material; 
added  compound  B  did  not  inhibit  the  formation  of  Porter-Silber  chromo¬ 
gens,  but  affected  the  ultraviolet-absorbing  and  tetrazolium-reducing 
lipids.  However,  under  certain  conditions,  and  e.specially  with  higher  con¬ 
centrations,  added  compounds  F  and  B  completely  suppress  the  formation 
of  ultraviolet  absorbing  lipid  (16)  indicating  the  ability  of  these  .steroids  to 
iidiibit  the  formation  of  corticoids  other  than  them.selves. 

The  ability  of  adrenocortical  steroids  to  suppre.ss  the  adrenocortical 
response  to  stre.ss  is  well  known,  but  most  workers  feel  that  the  site  of 
action  is  in  the  pituitary  or  the  hypothalamus  (17,  18).  However,  the 
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St  asitivit}'  of  the  adrenal  corticoid-forming  system  of  tlie  isolated  rat 
a'irenal  gland  to  adrenocortical  steroids  is  surprisingly  high.  The  addition 
(>!  3-12  fxg.  of  pure  steroid  per  ml.  corresponds  to  a  concentration  of 
1  IX  M.  In  the  light  of  this  sensitivity  the  possibility  of  an  additional 
cliect  at  the  adrenal  level  of  substances  inhibiting  the  adrenal  response  to 
si  ■  e.ss  must  be  considered. 

l''i'ntity  of  individual  components 

No  attempt  has  been  made  iji  this  .study  to  characterize  with  certainty 
the  individual  components  formed  by  the  rat  adrenal  in  vitro.  Heard  et  at. 

( 13)  claim  that  the  two  major  components  are  compounds  F  and  B,  while 
Kisenstein  (14)  presents  evidence  that  the  B  .spot  consists  of  epicortico- 
si  crone.  The  amounts  of  Porter-Silber  chromogen  found  in  our  work  are 
.'•iirpri.singly  high  in  view  of  Bush’s  report  (5)  that  the  stimulated  rat 
adrenal  .secretes  mainly  corticosterone.  However,  Eisenstein  (14)  found 
tliat  43%  of  the  ultraviolet-absorbing  material  .secreted  by  the  rat  adrenal 
in  vitro  gives  the  Porter-Silber  test.  This  compares  with  20-45%  observed 
with  unstimulated  rat  adrenals  in  our  work.  Hofmann  (10)  found  that  20% 
of  the  formaldehydogenic  material  reacts  with  the  Porter-Silber  reagent, 
and  has  investigated  the  apparent  inability  of  the  rat  adrenal  to  produce 
17-hydroxylated  corticoids  in  amounts  comparable  to  other  species. 
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Si'RlM  ELECTROLYTES  IX  THE  HYPOPHYSECTOMIZED 
RHESUS  MONKEY' 

ERNEST  KNOBIL  and  ROY  ().  OREEP 

Ih  partment  of  Plnisiologn,  Harvard  Medical  School  and  Biological  Research 
l.ahoratorics,  Harvard  School  of  Dental  Medicine,  Boston,  M assach nsetts 

AHSTRACT 

Hyi)oi)hyseot()niy  in  the  rhesus  monkey  results  in  a  small  hut  statistically 
sifjnificant  reduction  in  serum  sodium  concentration  and  a  statistically  sig¬ 
nificant  rise  in  serum  potassium  concentration.  Itestriction  in  sodium  intake, 
however,  does  not  produce  a  further  alteration  in  serum  sodium  and  potassium 
concentration. 

ri'^IIE  thesis  that  hypophysectomy  in  a  variety  of  experimental  animals 
X  and  man,  while  leading  to  severe  disturhanees  in  carbohydrate  metab¬ 
olism,  does  not  significantly  alter  serum  sodium  and  potassium  concentra¬ 
tions  appears  to  be  generally  accepted.  Tlie  ability  of  hypophy.sectomized 
animals  to  conserve  sodium  on  a  low  sodium  intake,  however,  is  a  matter 
of  some  controversy  since  one  group  of  investigators  (1)  has  found  that  this 
function  in  the  hypophysectomized  dog  is  essentially  normal  while  another 
(2)  also  working  with  hypophysectomized  dogs,  reports  a  significant  im¬ 
pairment  in  this  regard. 

d'he  present  report  deals  with  the  effects  of  pituitary  ablation  in  the 
rhesus  monkey  on  the  concentration  of  sodium  and  potassium  in  the  serum 
and  the  effects  of  a  restriction  in  sodium  intake  on  .serum  electrolyte  levels. 

METHODS 

Twenty-five  normal  and  twelve  hypo|)hy.sectomized  rhesu.s  monkey.s  of  both  se.xes 
were  utilized  in  this  investigation.  The  animals  were  kei)t  on  Rockland  monkey  diet, 
su|)plemented  with  fresh  fruits  and  vegetables,  cooked  rice  and  eggs.  Water  was  provided 
ad  libitum  and  in  the  case  of  hypoi)hysectomized  animals  a  10%  glucose  solution  was 
supplied  in  addition  to  tap  water.  Hypophysectomies  were  performed  under  pentobarbi¬ 
tal  anesthesia  using  the  paraj)haryngeal  api)roach.  Comi)leteness  of  the  operation  was 
(h'termined  at  autojjsy  by  examination  of  the  sella  turcica.  The  operated  animals  were 
given  no  reiilacement  therajjy.  Serum  sodium  and  potassium  determinations  were  made 
with  an  internal  standard  flame  photometer.  Measurements  were  begun  one  month  fol¬ 
lowing  hypophysectomy  and  continued,  at  intervals,  for  as  long  as  16  months.  Serum 
electrolyte  concentrations  in  intact,  control  animals  were  followed  in  like  manner. 

One  rhesus  monkey  was  maintained  on  a  low  sodium  diet  containing  0.01  merp  Xa 

Received  .July  15,  1957. 

'  .\ided  by  a  grant  .\-292  from  the  National  Institute  for  .\rthritis  and  Metabolic 
biseases,  National  Institutes  of  Health  and  by  .a  grant  from  the  American  Cancer 
^ocietv. 

61 


02 

Table  1.  I^f 

KNOBIL  AND  GREEP 

FECT  OF  HYPOPHYSECTOMY  O.N  SERUM  SODIUM 

CONCENTRATIONS  IN  RHESUS  MONKEYS 

Vohime  1 

AND  POTASSIUM 

.No. 

animals 

No. 

observa¬ 

tions 

Serum 

sodium  P 

meq./L 

Serum 

potassium  P 

me<j./L 

Normal 

24 

51 

1.53.5  ±0.5' 

Hypoiihyspctoinizcd 

12 

50 

149.210.7  <.01 

Normal 

23 

31» 

4.4-l-().l' 

Ilypophyscctomizcd 

12 

42 

5.010.1  <.01 

‘  Mean  ± standard 

••rror  of 

mean. 

l)or  gm.  (average  daih’  intake  of  l.o  metj)  supplemented  with  the  daily  administration 
of  25  metp  of  sodium  by  stomach  tube  in  20  ml.  of  water.'  During  periods  of  sodium 
restriction  the  sodium  intake  was  limited  to  the  dietary  source.  Measurements  of  serum 
sodium  and  i)otassium  concentrations  were  made  during  periods  of  hi^h  and  low  sodium 
intake  before  and  after  hypophysectomy. 

RESULTS  AND  DISCUSSION’ 

The  (lata  (Table  1)  indicate  tliat  hypophy.seetomy  in  the  monkey  re.siilts 
in  a  .small  but  statistically  significant  decrease  in  .serum  .sodium  concentra¬ 
tion  as  well  as  a  significant  increase  in  potassium  concentration.  The  mag¬ 
nitude  of  the.se  changes  was  not  correlated  with  the  duration  of  the  post¬ 
operative  period.  Restriction  of  the  daih’  sodium  intake  to  approximately 
1.5  meq.  per  day  was  tolerated  however,  as  well  as  before  operation  in 
terms  of  the  stability  of  the  .serum  sodium  and  potassium  concentrations 
(Tal)le  2).  In  contrast  to  the  above,  hypophysectomy  in  the  rhesus  monkey 
is  followed  liy  .severe  derangement  in  carbohydrate  and  protein  metalio- 
lism  (3,  4). 

The.se  data  are  in  agreement  with  direct  evidence  which  demon.strates 
that  the  adrenal  cortical  .secretion  of  aldosterone  in  the  rat  and  dog  is  in 
major  part  autonomous  of  adenohypophyseal  function  whereas  the  .secre¬ 
tion  of  the  glucocorticoids  is  markedly  reduced  in  the  ab.sence  of  the  pitui¬ 
tary  gland  (5,  G).  Since  the  latter  hormones  contribute  .significantly  to 
electrolyte  homeostasis  (G,  7)  and  since  hypophysectomy  results  in  some 
reduction  in  aldosterone  secretion  (5,  G),  the  observed  shift  in  serum  elec- 


Tabi.e  2.  Effect  of  sodium  restrictiox  o.n  serum  sodium  and  potassium  concentrations 

IN  A  MONKEY  BEFORE  AND  AFTER  HYPOPHYSECTOMY  (SEE  “MetHODS” 

FOR  DETAILS  OF  EXPERIMENT) 


Treatment 

Days 

( Ibserva- 
tions 

Serum 

sodium, 

meq./b 

Serum 

potassium, 

meq./b 

Sonnnl 

Hinli  Na  Intake 

20 

7 

140.5-1-1.4' 

4.34-0.1' 

bow  Na  Intake 

30 

8 

140.9  4-1  .3 

4.4  4-0.2 

Hypoph  yserto  m  i  zed 
nil'll  Na  Intake 

28 

0 

143.0  4-1  .0 

5.1  4-0.1 

bow  Na  Intake 

30 

9 

142.1  ±0.5 

5.1  ±0.2 

'  .M(‘an  ± standard  error  of  mean. 
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ti  :)lyte  concentrations  in  the  direction  of  mild  adrenal  insufficiency  follow- 
iiiu;  hypopliysectomy  in  the  rhesus  monkey  is  not  surprising. 
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METABOLISM  OF  STEROIDS:  THE  REMOVAL  OF  EXOC- 
EXOUS  17-HYDROXY(T)RTI('OSTEROXE  FROM  THE 
PERIPHERAL  (’IR(TLATIOX  IX  DOGS’ 

FREDERICK  KFIPERS.^  ROBERT  S.  ELY  and 
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0( /tarlnicnt  of  l‘cdinlriis,  I'nivcrsity  of  f  ’tnii  ('ollrg<  of  Mcdirinv  and  (Ik  Stole 
Heart  I.ahoratories,  l  ink  State  Department  of  Health,  Salt  Lake  Cili/,  I  tah 

ABSTRAC'T 

A  study  was  uiidortakpn  to  determine  whetlier  the  disappearanee  rate  of 
exo^^enous  cortisol  e(»uld  l)e  used  to  evaluate  the  influence  of  experimental 
conditions  or  a^Piits  uj)on  cortisol  metabolism.  It  was  found  that  the  half-life 
of  exogenous  cortisol  in  a  ^iven  flo"  was  not  very  consistent  from  one  day  to 
another.  Therefore,  in  a  single  experiment,  the  half-life  of  exojfenous  cortisol 
was  obtained  and  then  the  influence  of  an  administered  a};ent  upon  this  half- 
life  was  determined.  The  disappearance  rate  of  exogenous  cortisol  was  not 
influenced  by  subsequent  administration  of  saline  or  dextrose.  Neither  a  second 
injection  of  cortisol,  nor  small  doses  of  .VC'TH  (0. 5-2.0  r.u.),  altered  the  dis- 
ajjpearanee  rate  of  cortisol,  even  thouijh  there  was  an  inerease  in  i)lasma 
concentratit»n  of  the  steroid.  Larger  doses  of  .VC'TH  ai)parently  caused  a 
decrease  in  the  rate  of  cortisol  disaj)i)Parance.  .Vlthounh  this  technic  j)roduces  a 
“physiological  hypoj)hy.sectomy’’  it  is  not  satisfactory  for  assay  of  .VC’TH. 
However,  it  does  permit  evaluation  of  the  influence  of  conditions  or  agents  on 
the  disappearance  rate  of  circulating  cortisol. 

IX  STUDIES  of  adrenal  function,  with  relation  both  to  human  disease' 
and  to  animal  experimentation,  the  direct  measurement  of  circulating 
corticosteroids  has  been  of  great  benefit.  The  use  of  this  approach  has  re¬ 
vealed  that  abnormal  17-hydroxycorticosteroid  (17-()HCS)  concentra¬ 
tions  exist  in  a  variety  of  disea.se  states  (1,  2).  However,  the  plasma  ster¬ 
oid  levels  measured  reflect  not  only  the  adrenal  secretory  rate  but  also  the 
rapidity  with  which  free  .steroid  is  removed  from  circulation  by  .such  fac¬ 
tors  as  conjugation,  degradation,  excretion,  and  utilization.  Consecpicntly, 
for  proper  interpretation  of  data  concerning  circulating  cortico.steroid  con¬ 
centrations  the  factors  of  secretion  and  sub.sequent  “metabolism”  must  be 
evaluated  separately.  Considerable  information  now  exists  pertaining  to 
adrenocortical  function,  including  steroid  .secretion,  in  different  circum¬ 
stances.  In  contrast,  not  much  is  known  concerning  the  metabolism  of  the 
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c.irticosteroids,  once  secreted.  In  studies  reported  to  date,  the  disappear¬ 
ance  rate  of  free  steroid  from  the  circulation  has  been  found  to  be  al)nor- 
inal  in  a  few  disorders  (8,  4).  It  seems  probable  that  the  rates  of  steroid 
metabolism  may  be  abnormal  in  many  disease  states  and  the  beneficial 
influence  of  some  therapeutic  agents  may  in  part  be  mediated  through 
tlicir  influence  on  these  rates. 

One  approach  to  the  stiuh'  of  steroid  metabolism  consists  of  administer¬ 
ing  exogenous  steroid  and  determining  the  rate  of  its  removal  from  circu- 
Intion.  When  a  pharmacological  dose  is  administered,  the  removal  of  ster¬ 
oid  from  circulation  corresponds  to  a  first  order  reaction  in  that  the  rate 
i>  proportional  to  the  concentration  at  any  given  moment.  Therefore,  the 
half-life  of  the  steroid  can  be  calculated  and  the  rate  of  removal  of  steroid 
from  circulation  be  expressed  in  terms  of  this  half-life. 

If,  for  a  given  animal,  the  half-life  values  obtained  from  day  to  day  were 
sufficiently  consistent,  this  technic  could  be  used  in  animal  studies  to 
(  valuate  the  influence  of  various  experimental  conditions,  or  of  various 
(hugs,  on  the  rate  of  metabolism  of  administered  steroid.  Such  an  evalua¬ 
tion  could  be  made  by  comparing  the  half-life  value  on  a  “control  day” 
with  that  on  an  “experimental  day.”  Therefore,  the  present  study  was 
undertaken  to  evaluate  the  consistency  of  the  half-life  values  when  17- 
liydroxycorticosterone  (cortisol)  was  administered  to  a  given  dog  on  each 
of  many  experimental  days.  Also,  an  experimental  model  was  designed  to 
allow  evaluation  of  the  influence  of  various  agents  on  the  half-life  of  ad¬ 
ministered  cortisol  by  a  single  study  performed  on  one  day.  The  results 
and  an  evaluation  of  the  practicality  of  this  latter  technic  also  will  be  pre¬ 
sented  here. 


MATERIALS  AM)  METHODS 

Trained,  unanestlietized  mongrel  dogs,  weigliing  approximately  50  pounds,  were  used 
in  these  experiments.  Since  the  dogs  had  a  blood  loss  of  approximately  200  ml  per  ex¬ 
periment,  each  animal  was  used  not  more  than  once  per  week  and  fretpientlj-  was  given 
longer  rest  periods  to  avoid  anemia.  Hematocrit  values  remained  constant  throughout 
each  experiment.  In  these  dogs  free  cortisol®  was  infused  intravenously,  2  mg.  kg.  body 
weight.  The  steroid  was  jirepared  in  .50%  ethanol  and  diluted  1.5-  to  20-fold  with  5% 
dextrose  in  water.  The  infusion  usually  was  comjileted  in  12  minutes;  however,  for  ex¬ 
perimental  reasons  some  studies  were  done  with  faster  or  slower  rates  of  infusion.  Thu 
moment  the  infusion  was  completed  was  recorded  as  zero  time.  Several  successive 
liejiarinized  blood  sainjiles  were  obtained  from  the  external  jugular  vein  at  carefully 
recorded  time  intervals,  varying  between  10  and  .30  minutes.  The  blood  was  centrifuged 
immediately  after  collection,  and  the  plasma  was  sejjarated  and  frozen  until  used.  The 
17-OHCS  determinations  were  performed  by  the  method  of  Nelson  and  Samuels  (5)  as 
modified  by  Eik-Xes  el  al.  (6).  In  calculating  the  cortisol  half-life  for  each  experiment, 
the  logarithms  of  the  17-OHCS  concentrations  were  plotted  against  time  and  the  straight 
line  of  best  fit  was  determined  by  the  method  of  least  sejuares.  From  the  ecpiation  for  the 

®  Cortef  Intravenous  (R)— Generously  supplied  by  Dr.  C.  .1.  O’Donovan,  The  Ci)john 
Company,  Kalamazoo,  Michigan. 
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regression  line  in  each  experiment,  or  in  different  parts  of  the  same  experiment,  the  hal  - 
life  of  cortisol  was  determined.  In  order  to  minimize  the  influence  of  physiological  vari.  - 
tions  in  plasma  17-OHCS  concentrations,  no  plasma  value  smaller  than  10  Aig.%  wj  s 
used  in  the  computation  of  the  regression  lines. 

In  one  series  of  experiments  the  influence  of  injected  agents  on  the  cortisol  half-lite 
was  evaluated.  The  agents  used  were  saline  (1-25  ml.),  5%  dextrose  in  water  (1-25  ml.  , 
cortisol  (1-10  mg.),  and  .\CTH  (0.1-10.0  i.u.).^  In  these  e.xperiments  5  or  more  samph  s 
of  blood  were  obtained  following  the  initial  infusion  of  cortisol,  so  that  the  baseline  hab- 
life  value  could  be  calculated.  Immediately  after  the  last  of  these  blood  samples  Wits 
drawn,  the  te.st  material  was  injected  intravenously  and  5  to  7  more  blood  samj)l(s 
were  obtained.  In  this  way  the  cortisol  half-life  before  and  that  after  the  second  injection 
could  be  comi)ared  under  essentially  the  same  experimental  conditions. 

RESULTS 

Blood  sample.s  were  taken  before  the  cortisol  infusion  in  many  experi¬ 
ments  to  determine  the  concentrations  of  endogenous  17-OHCS.  Thes(‘ 
data  are  shown  in  Table  1.  In  47  samples  obtained  from  6  dogs  the  mean 
concentration  was  1.7  +0.14  pg.  100  ml.  plasma.®  There  were  no  .significant 
T.\bi.e  1.  Pl.^sma  17-OHCS  co.nce.ntr.ations  i.\  doos 


Dog 

No. 

Plasma  17-OHCS  (/ig./lOO  ml.) 

determinations 

Mean 

S.E.M. 

Hang(> 

1 

11 

2.0 

±0.92 

0.0-  9.8 

2 

9 

1.9 

+  0.65 

0.0-  4.6 

3 

10 

2.5 

+  1.05 

0.0-10.2 

4 

7 

1  .2 

±0.70 

0.0-  4.8 

5 

(•) 

0.9 

±0.34 

0.0-  1  .9 

G 

4 

1 .0 

±0.91 

0.0-  3.7 

47 

1.7 

0.14 

0.0-10.2 

differences  among  the  mean  values  ob.served  in  the  individual  dogs.  Witli 
the  exception  of  the  fir.st  .sample  obtained  from  each  of  two  dogs  (in  which 
the  plasma  17-OnCS  concentrations  were  9.8  and  10.2  /xg.  100  ml.  respec¬ 
tively)  all  plasma  samples  contained  concentrations  of  17-OHCS  less  than 
0.0  Mg.  100  ml.  It  seems  that  the  two  high  values  might  be  attributable  to 
apprehension.  In  18  of  the  47  samples  no  17-OHCS  could  be  detected,  al¬ 
though  satisfactory  volumes  of  plasma  were  used  (an  average  of  10.1  ml.). 
Although  in  human  subjects  a  marked  diurnal  rhythm  in  17-OHCS  con¬ 
centration  has  been  demomstrated  (8-10),  this  was  not  found  in  these 
dogs;  however,  the  17-OHCS  values  are  so  low  that  any  diurnal  variation.- 
present  likely  would  not  be  detected. 

The  results  of  80  half-life  determinations  of  exogenous  cortisol  in  4  dog- 
are  .shown  in  Table  2.  Here,  all  of  the  individual  half-life  values  for  eacli 
dog  are  pre.sented.  As  can  be  .seen,  the  range  of  half-life  values  in  a  given 

*  International  Units. 

*  Eik-Nes  and  Brizzee  (7)  have  reported  a  mean  value  of  5  ±0.37  mK-%  in  anesthetized 
dogs. 
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Table  2.  Serial  half-life  values  for  exogenous  cortisol  in  individual  dogs* 


Cortisol  half-life  (minutes) 


Dog. 

No.  1 

Dog. 

No.  2 

Dog. 

No.  3 

Dog  No.  4 

72 

55 

49 

55 

59 

57 

01 

48 

35 

30 

45 

51 

52 

70 

4.5 

42 

53 

43 

81 

52 

07 

44 

42 

50 

48 

47 

.50 

.50 

()2 

(>9 

.50 

70 

01 

0.5 

00 

.57 

42 

31 

54 

51 

44 

07 

.5!> 

54 

40 

58 

07 

51 

28 

5!) 

40 

53 

57 

40 

.5(1 

5() 

3‘» 

52 

55 

50 

4!» 

48 

47 

40 

4.5 

00 

7(» 

58 

45 

42 

47 

04 

43 

38 

43 

48 

48 

.57 

42 

88 

'  These 

serial  half- 

•life  studies  for  a 

given  animal  were 

pi'rformetl  at  inte 

rvals  of  one  wee 

01  longer  in  every  instance. 


animal  was  considerable  even  though  the  conditions  of  the  experiment 
\\(‘re  kept  as  con.stant  as  po.s.sible.  The  magnitude  of  this  range  reflects 
the  occasional  widely  divergent  values  obtained  in  each  dog;  however,  the 
majority  of  values  for  each  animal  fell  within  ±  10  minutes  of  the  mean  for 
that  animal  and  consequently  the  standard  error  of  the  mean  for  each  ani¬ 
mal  was  quite  small  (Table  3).  The  mean  cortisol  half-life  value  for  all 
(logs  was  52  +  1.2  minutes.®  Although  the  mean  values  for  individual  dogs 
did  not  differ  much  from  this,  they  did  differ  .significantly  among  them¬ 
selves.  Evaluation  of  the.se  data  by  analy.si.s  of  variance  indicates  that  the 
probability  that  the  differences  of  the  mean  values  among  these  dogs  are 
due  to  chance  alone  is  le.ss  than  2%. 

The  data  in  Figure  1  indicate  that  the  variation  in  the  individual  half- 
life  values  for  a  given  dog  was  not  dependent  upon  the  rate  of  cortisol 


Table  3.  Half-life  of  exogenous  cortisol  in  dogs 


Dog 

No. 

Half-life  (minutes) 

ileterminations 

Mean* 

S.K..M. 

Range 

1 

25 

51 

-f  2.2 

28-72 

2 

20 

49 

4-2.3 

30-88 

3 

23 

55 

+  1.8 

44-81 

4 

0 

04 

+  3.0 

50-70 

.\11  dogs 

80 

52 

±1.2 

28-88 

*  Analysis  of  variance  indicates  probability  that  difTerences  among  dog.s  are  due  to  chance 
iilone  is  less  than  2%  but  greater  than  1%. 


'  This  value  is  only  approximately  50%  as  great  as  that  in  man  (3,  11),  indicating 
that  cortisol  is  metabolised  much  more  rapidly  by  the  dog  than  by  man.  It  is  not  known 
whether  this  difference  pertains  equally  to  all  steps  involved  in  cortisol  metabolism  or 
'vhether  it  is  attributable  chiefly  to  some  certain  step. 
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Ei(i.  1.  Relation  of  cortisol  infusion  rate  to  cortisol,  and  influence  of  saline  injection  on 


cortisol  half-life  value  obtained.  this  footnote:  “F”  =  cortisol. 

infusion.  This  figure  represents  a  .scattergrain  relating  the  individual  cor¬ 
tisol  half-life  values  in  the  4  dogs  to  the  rate  of  corti.sol  infu.sion,  with  the 
latter  being  varied  from  1.4  to  10.4  mg.  minute.  The.se  data  fail  to  demon¬ 
strate  any  correlation  between  the  two  varialtles. 

f’igure  2  shows  graphically  the  data  from  two  typical  experiments  illus¬ 
trating  the  rate  of  disappearance  of  exogenou.s  cortisol  and  the  effect  of  a 
saline  injection  upon  this  rate.  In  the  upper  portion  of  the  figure  are  shown 
the  data  from  a  standard  experiment  for  determining  the  half-life  of  corti¬ 
sol.  In  this  experiment  4o  mg.  cortisol  was  infused  intravenously  and  blood 
samples  were  obtained  at  30,  00,  00,  120  and  150  minutes  after  the  infu¬ 
.sion  was  completed.  The  logarithms  of  the  17-OHCS  concentrations  were 
plotted  against  time.  In  the  lower  portion  of  the  figure  are  shown  data 
illustrating  the  effect  of  a  .saline  injection  on  the  rate  of  disappearance  of 
corti.sol  from  the  circulation.  After  50  mg.  cortisol  was  infused  intrav’e- 
nously,  enough  blood  .samples  were  obtained  to  determine  the  slope  of  the 
(lisappearance  curve:  then  saline  was  injected  intravenously  and  .several 
more  blood  samples  were  obtained.  As  can  be  seen,  the  slope  of  the  regres¬ 
sion  line  was  not  affected  appreciably  by  the  injection  of  .saline. 

Table  4  .summarizes  the  data  obtained  when  experiments  of  this  type 
were  performed  to  determine  the  effect  of  various  amounts  of  saline  or  of 
5%  dextro.se  on  the  half-life  of  cortisol.  In  addition,  data  are  shown  for  7 
control  experiments  in  which  plasma  samples  were  obtained  at  correspond- 
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Table  4.  Inkli  ente  ok  sai.ine  oh  dextrose  ox  the  hale-like  ok  exocexoks  cortisol 


^  ol  - 

.Mean  liaH'-lil'e 

cortisol 

Suhstaiicc  inj«‘ctcd 

Hefore 

injection 

.Mter 

injection 

DilTerence 

'aline  Solution 

8 

.10 . 4 

.ilt.O 

-|-3.(i+3.() 

■|%  Dextrose  Solution 

5 

4‘t.4 

.i4.4 

-f-.i.()+3. 1 

\'o  Injection 

7 

.i8.lt* 

til  .4t 

-|-2..i±4.2 

•  1st  portion  of  curve, 
t  2n<l  portion  of  curve. 

(In  (‘uch  portion  the  regression  line  reiuesents  a  minimuni  of  5  points.) 


ing  time  intervals  following  cortisol  infusion  hut  in  which  no  second  injec¬ 
tion  was  given.  Enough  samples  were  obtained  after  the  infusion  of  corti¬ 
sol  so  that  the  regre.ssion  line  could  he  divided  into  two  portions  and  corti¬ 
sol  half-life  determined  independently  for  each  portion.  As  shown  in  Table 
I,  the  differences  in  half-life  between  the  first  and  .second  portions  of  the 
curve  were  of  the  .same  order  of  magnitude  whether  or  not  an  injection 
liad  been  given.  Thus  it  seems  apparent  that  neither  .saline  nor  o%  dextro.se 
in  the  amounts  employed  influence  the  rate  of  disappearance  of  exogenous 
corti.sol  from  the  circulation. 

Figure  3  illustrates  the  effects  of  different  amounts  of  corti.sol  on  the  dis¬ 
appearance  curve.  The  data  shown  were  taken  from  repre.sentative  experi¬ 
ments.  It  will  be  noted  that  at  either  do.se  level  shown  little  change  oc¬ 
curred  in  the  .slope  of  the  regre.s.sion  line  following  the  second  injection  of 
cortisol;  thus  the  half-life  of  cortisol  remained  constant.  However,  the 
curve  was  shifted  to  the  right  and  the  magnitude  of  this  shift  was  depend¬ 
ent  upon  the  amount  of  corti.sol  injected.  In  a  very  short  time  after  the 
.second  injection,  equilibrium  was  reached  and  the  disappearance  of  corti¬ 
sol  at  its  preceding  rate  was  re.sumed. 

The  effects  on  the  cortisol  di.sappearance  curve  produced  by  various 
amounts  of  ACTH  are  illustrated  in  Figure  4  and  in  Table  .5.  As  shown  in 


Fig.  3.  Influence  of  a  second  cortisol  injection  on 
the  cortisol  disappearance  rate. 


plosmo  17-OHCS  (>tg /lOO  ml  )  plosmo  17- OM C S  (*<4  / 100  ml  )  plosmo  IT-OHCS  (>tg /lOOml.) 
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Tabi.e  5.  The  ixkli  exce  ok  ixjected  cortisol  or  AC'TH  ox  the 

HALF-I,1FE  OF  EXOOEXOI  S  CORTISOL 


(Iroup  ! 

Half-life  (minuti's) 

So.  experiments  — 

Hefori' 

Aft(>r 

DilTereiiee 

('ontrol 

20 

55 . 1 

.58.7 

3.0  ±2.0 

Cortisol  (1-10  mg.) 

1 1 

40.4 

.52.8 

3 .  .5  ±  3 .  .5 

.\CTH  (i.r.) 

0.1 

2 

4.5 

47 

2 

0.2.‘» 

:i 

.52 

.57 

;5 

0..T 

4 

48 

.52 

4 

1  .0 

4 

47 

.50 

3 

2.0 

4 

44 

.50 

0 

.5.0 

4 

42 

74 

32 

10.0 

3 

03 

148 

85 

Figure  4,  witli  2o()  milliunits  of 
ACTH,  no  measurable  etTeet  was 
produced.  With  one  i.u.  of  ACTH 
no  apprecialde  change  in  the  slope 
of  the  regression  line  was  demon¬ 
strated  by  the  regression  line  did 
shift  to  the  right,  as  it  did  with  a 
secoiul  cortisol  injection.  Again, 
ecpiilibrium  apparently  was  reached 
in  a  very  short  time  and  the  disap¬ 
pearance  of  cortisol  continued  at  its 
preceding  rate.  However,  when  a 
larger  amount  of  ACTH  (5  i.u.)  was 
injected,  not  only  did  the  disappear¬ 
ance  curve  shift  to  the  right  but  an 
obvious  change  in  its  slope  appeared, 
resulting  in  unequivocal  prologation 
of  half-life. 

Thus,  in  response  to  a  second  in¬ 
jection  the  disappearance  curve 
may  be  .shifted  without  affecting  its 
slope  (half-life  unaltered)  or  it  may 
be  shifted  and  its  sloped  changed 
(half-life  altered).  In  Table  5  the 
cortisol  half-life  before  and  that 
after  the  injection  of  a  second  agent 
are  compared.  Saline,  5%  dextrose, 
cortisol  or  ACTH  was  u.sed  for  the 
Fifi.  4.  Influence  of  various  amounts  of  second  injection.  In  “control”  ex- 
.V('TH  on  tlie  cortisol  disappearance  rate,  periments  (saline  or  dextrose  injec- 
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i  able  6.  The  influence  of  injected  agents  upon  the  area*  between  the  rei:ression 
LINES  representing  THE  CHARACTERISTICS  OF  EXOGENOUS  CORTISOL  REMOVAL 


Saline 

5% 

dextrose 

Cortisol 

ACTH 

\().  experiments 

8 

o 

11 

22 

Surface 

Dose  (mg.)  S..\.-cin.^ 

l)os(>  (I.u.)  .S..\,-cin.- 

2.0 

3.0 

1 

8, 

.0 

0. 

1 

4. 

3 

2 

11 

.4 

0. 

2.5 

3 

2 

5 

1.5 

.  7 

0 

,  .5 

.0 

10 

22 

.4 

1 

.0 

8 

.0 

2 

.0 

1 1 

.  .5 

5 

.0 

27 

.0 

10 

.0 

32 

..5 

*  These  areas  measured  as  indicated  in  the  text  (cf.  footnote  7). 


lion  or  no  injection),  the  second  lialf-life  was  essentially  the  same  as  the 
first.  Also,  when  cortisol  was  given  as  the  second  injection,  regardless  of 
dose,  there  was  a  change  only  in  plasma  concentration  but  not  in  half-life. 
With  ACTH,  in  amounts  up  to  2  i.u.,  the  cortisol  half-life  again  was  not 
changed.  With  doses  of  5  and  10  i.u.,  however,  con.sideraltle  prolongation 
of  half-life  occurred. 

Even  though  the  cortisol  half-life  may  he  unaltered  following  the  injec¬ 
tion  of  a  .second  agent,  any  shift  in  the  disappearance  curve  can  be  evalu¬ 
ated.  In  order  to  quantitate  this  effect  in  comparing  various  agents  the 
data  were  plotted  on  standard  graph  paper'  and  the  surface  area  between 
tlie  two  regression  lines  (shaded  part  in  curve  showing  effect  of  1  mg.  cor¬ 
tisol  in  Figure  3)  was  measured.  To  .standardize  these  surface  area  evalua¬ 
tions  17-()HCS  concentrations  of  oO  and  lo  mS-%  were  used  as  .superior 
and  inferior  limits.  Thus  the  area  measured  represents  a  trapezoid  bounded 
superiorly  and  inferiorly  by  these  17-()HCS  concentrations  and  laterally 
by  the  two  regression  lines.  This  .surface  area  was  expre.ssed  as  cm-.  Table 
(j  shows-the  influence  on  this  area  produced  by  injection  of  various  agents. 
With  a  .second  injection  of  saline  or  .5%  dextro.se  this  .surface  area  is  negli¬ 
gible.  With  a  .second  injection  of  cortisol  the  area  increases  with  increa.sing 
do.ses.  With  do.ses  of  ACTH  less  than  O.o  i.u.  the  area  does  not  differ  from 
that  in  control  experiments.  Above  0.5  i.u.  the  area  increa.ses  with  increas¬ 
ing  do.se. 

DISCUSSION' 

Adrenal  corticosteroid  secretion  has  been  .studied  experimentally  liy  per¬ 
fusion  technics  and  by  catheterizing  the  adrenal  vein  in  vivo  (12).  The  in- 
ve.stigation  of  steroid  metabolism  by  measuring  the  disappearance  rate  of 
administered  steroid  allows  additional  evaluation  concerning  the  fate  of 
steroids  after  their  secretion  and  promises  to  be  a  valuable  adjunct  in  the 

’  No.  340-L210  Dietzgen  semi-logarithmic  graph  paper  (2  cycles  X 10  divisions  jicr 
inch)  was  used.  On  the  abscissa  the  scale  used  was  one  inch  =  30  minutes. 
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overall  .study  of  steroid  relationships  in  health  and  disease.  In  certain  dis- 
ea.se  .states  studies  of  this  type  have  been  performed.  Peterson  ct  al.  (3) 
have  shown  the  cortisol  half-life  to  be  altered  in  tlnroid  disturbances; 
Brown  et  al.  (4)  have  reported  this  also  in  liver  di.sease  and  Done  et  al.  (13) 
in  active  rheumatic  fever.  However,  except  for  the  reports  l\v  Tyler  ct  al. 
(14)  and  Hughes  and  Ely  (lo)  on  the  effect  of  age,  there  has  been  little  in¬ 
vestigation  of  factors  other  than  di.sease  which  may  influence  these  disap¬ 
pearance  rates. 

For  investigating  the  influence  of  factors  other  than  disease  it  would  be 
desirable  to  compare  the  half-life  of  exogenous  corti.sol  under  certain 
experimental  conditions  with  the  half-life  on  a  control  day.  To  permit  this 
type  of  compari.son,  consistent  half-life  values  under  control  conditions 
must  be  obtainalde  from  one  day  to  another  in  a  single  animal,  even 
though  differences  may  occur  among  different  animals.  In  the  4  dogs 
.studied  here  the  differences  among  the  mean  corti.sol  half-life  values  for 
the  different  animals  probably  reflect  actual  differences  in  the  individual 
rate  of  metabolism  of  this  steroid.  In  each  animal  the  half-life  values  were 
fairly  reproducible  from  day  to  day.  Occasionally,  however,  the  half-life 
on  a  given  day  differed  considerably  from  tho.se  found  generally  in  that 
animal.  This  divergence  was  not  cau.sed  by  variations  in  the  rate  of  corti¬ 
sol  infu.sion;  neither  was  it  related  to  the  activity  of  the  dog.  Errors  in  tim¬ 
ing  of  .sample  collections,  or  in  the  method  it.self,  might  account  for  the 
disparity;  however,  the  constancy  of  the  regre.ssion  line  slope,  a  product  of 
serial  plasma  sample  determinations,  mitigates  against  such  an  interpre¬ 
tation.  From  the.se  re.sults  it  seems  clear  that  unless  more  consistent  con¬ 
trol  half-life  values  can  be  obtained  for  a  .single  animal,  comparison  of  the 
half-life  value  obtained  on  a  control  day  with  that  obtained  on  another 
day  when  some  substance  is  injected  or  the  animal  is  subjected  to  stre.s.s- 
ful  circumstances  cannot  be  made  reliably. 

On  the  other  hand,  it  appears  entirely  practical  to  study  the  influence 
of  an  injected  agent,  and  possibly  of  a  .stressful  insult,  on  the  disappear¬ 
ance  rate  of  circulating  steroid,  providing  the.se  factors  are  fused  into  a 
single  day’s  experiment.  Each  animal  then  .serves  as  his  own  control,  and 
the  factors  which  cau.se  day-to-day  variability  are  eliminated.  In  such  an 
experimental  design,  .several  plasma  .samples  are  obtained  following  steroid 
administration  and  the  control  half-life  value  is  determined  from  the  slope 
of  the  regre.ssion  line.  Any  change  in  this  slope  sub.sequent  to  injecting 
other  agents  or  .stre.ssing  the  animal,  can  be  attributed  to  the  experimental 
procedure  and  evaluated  quite  relialdy.  In  this  study  (Table  4)  the  corti.sol 
half-life  values,  as  calculated  from  the  slopes  of  different  portions  of  the 
regre.ssion  line  in  a  single  experiment,  agreed  very  well.  The  injection  of 
saline  or  dextrose  did  not  influence  these  values  appreciably.  The.se  ob.ser- 
vations  provide  the  basis  for  a  practical  technic  for  studying  the  effect  of 
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various  drugs  and  hormones,  and  possibly  stressful  factors,  on  the  protluc- 
tion  and  metabolism  of  cortisol  and  other  steroids. 

It  was  postulated  originally  that  in  this  type  of  experiment  a  second  in- 
iection  of  cortisol  would  alter  the  concentration  but  not  the  disappearance 
rate  of  this  steroid.  As  mentioned,  the  data  obtained  were  in  accord  with 
this  postulation.  It  was  postulated  further  that,  if  the  adrenal  cortex  is 
capable  of  responding  to  exogenous  .\CTH  in  the  presence  of  elevated  cir¬ 
culating  cortisol  levels,  the  effect  of  an  injection  of  AC'Tll  on  the  cortisol 
disappearance  curve  should  be  similar  to  that  following  a  second  cortisol 
injection.  If  this  latter  were  the  case,  it  would  form  the  basis  for  a  potential 
.\CT1I  assay  technic  measuring  steroidogenesis  directly.  Such  a  technic 
would  have  several  obvious  advantages  over  present  ACTII  assay  meth¬ 
ods,  the  most  satisfactory  of  which  are  based  on  the  ability  of  ACTll  to 
cause  adrenal  ascorbic  acid  depletion  in  hypophysectomized  rats  (lb). 
This  depletion  is  assumed  to  have  a  direct  relation  to  adrenal  function  in 
terms  of  adrenal  corticosteroid  production.  However,  that  a  direct  relation¬ 
ship  exists  is  problematical  (17-20).  Furthermore,  surgical  hypophyscc- 
tomy  is  a  mutilating  operation  which  often  results  in  incomplete  removal 
of  the  gland.  Even  though  the  greatest  care  is  used  in  performing  the  opera¬ 
tion  it  always  is  necessary  to  autopsy  every  animal  to  be  .sure  that  no  frag- 
ment.s  of  pituitary  ti.ssue  remain.  If  .such  pituitary  “tags”  do  remain,  they 
critically  affect  the  responsivene.ss  of  the  adrenal  gland  during  the  post- 
hypophysectomy  period  (20).  A  method  of  ACTH  assay  which  could  be 
performed  without  surgical  hypophysectomy  not  only  would  avoid  any 
di.sadvantages  of  the  latter  but  also  would  result  in  a  less  complex  proced¬ 
ure. 

It  was  hoped  that  the  method  reported  here  u.sing  a  “phy.siological 
hypophysectomy”  with  exogenous  cortisol  would  provide  a  satisfactory 
as.say  for  ACTH  ba.sed  upon  its  steroidogenic  potency.  However,  thi.s  did 
not  prove  to  be  true.  Not  only  is  considerable  variation  evident  in  the 
effect  of  the  same  ACTH  dose  in  different  animals,  but  the  range  over 
which  a  simple  dose  response  relationship  exists  is  only  from  0. 5-2.0  i.u. 
ACTH.  With  larger  amounts  of  ACTH  the  slope  of  the  disappearance 
curve  becomes  altered  so  that  the  surface  area  between  the  regre.ssion  lines 
increases  disproportionately  rapidly.  This  change  in  slope  of  the  regression 
line  after  large  amounts  of  ACTH  have  been  injected  probably  indicates 
that  the  relea.se  of  .steroids  by  the  adrenal  cortex  continues  for  an  appreci¬ 
able  time  after  it  has  been  so  stimulated.  It  also  is  possible  that  this  change 
in  slope  could  in  part  reflect  a  direct  effect  of  ACTH  in  decreasing  the  rate 
of  disappearance  of  cortisol  from  the  circulation,  but  there  is  no  evidence 
available  with  regard  to  this  possibility.  However,  the  chief  disadvantage 
of  the  method  lies  in  its  lack  of  sensitivity.  The  influence  of  ACTH  in  doses 
smaller  than  0.5  i.u.  is  not  detectable.  This  sensitivity  compares  unfavor- 
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ably  with  that  of  adrenal  ascorbic  acid  depletion  methods,  which  can  as¬ 
sess  as  little  as  0.00025  i.u.  ACTH  (16).  Likewise,  it  compares  unfavorably 
with  the  sensitivity  of  the  method  measuring  steroidogenic  potency  in 
hypophysectomized  dogs  proposed  by  Nelson  and  Hume  (21).  Although 
this  latter  method  is  technically  difficult  to  perform,  it  is  without  doubt  of 
greater  practical  value  than  the  method  presented  and  evaluated  in  the 
present  communication. 
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INFLUENCE  OF  CORTISONE  ON  THE  KETOCENIC 
RESPONSE  TO  OXYC^EL  (X)RTICX)TROPIN‘ 
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ABSTRACT 

('ortisoiic  inhibits  fasting  and  certain  other  tyi)es  of  ketosis  while  oxycel 
(•orticotroi)in  stimulates  ketosis  in  both  the  fasted  and  fed  rat,  presumably  by 
an  extra-a<lrenal  mechanism.  Pretreatment  of  rats  with  5  m}>;.  of  cortisone 
acetate  daily  for  two  or  five  days  prevented  the  ketosis  observed  with  a  sub- 
secpient  24-hour  fast  as  well  as  that  followinf;;  3^  hours  of  Nembutal  anesthesia, 
but  difl  not  modify  the  ketosis  consequent  to  an  injection  of  oxycel  cortico- 
troi)in.  Since  the  cortisone  treated  animals  presumably  had  ainjjle  liver  f^lyco^en 
stores  it  is  concluded  that  the  ketogenic  action  of  corticotropin  must  be  funda¬ 
mental  to  either  ketone  production  or  utilization  rather  than  secondary  to 
some  primary  alteration  in  carbohydrate  metabolism. 

PRETREATMENT  of  normal  rat.s  with  cortisone  or  liydrocortisone 
prevent.s  the  development  of  ketosis  during  fasting  (1),  cold  exposure 
(2)  or  poisoning  with  sodium  fluoracetate  which  blocks  the  Krehs  cycle 
(3).  On  the  other  hand,  tliese  steroids  are  ineffectual  in  preventing  tlie 
ketosis  which  follows  in.sulin  hypoglycemia  in  tlie  rat  (4)  and  in  man  (5). 
riie  do.ses  of  corticoids  used  did  not  prevent  the  marked  depletion  of  liver 
glycogen  which  accompanies  hypoglycemia  in  the  rat  and  hence  a  reason¬ 
able  basis  for  the  .subse(|uent  development  of  ketosis  persisted. 

Oxycel  corticotropin  has  been  found  to  be  a  potent  stimulus  to  ketosis. 
This  reaction  is  not  mediated  by  the  adrenal  cortex  being  demonstrable  in 
the  adrenalectomized  rat  (()).  The  ketogenic  action  of  oxycel  corticotropin 
can  be  shown  to  persist  even  in  the  presence  of  a  glucose  load  since  the 
hormone  prevents  the  usual  suppression  of  fasting  ketonemia  when  gluco.se 
is  infused  intravenou.sly.  Although  the  corticotropin  lowers  the  blood  sugar 
and  improves  gluco.se  tolerance  it  does  not  depre.s.s  liver  glycogen  levels. 
Depletion  of  carbohydrate  stores  in  the  liver  is  therefore  not  a  contributing 
factor  in  this  ketosis  as  it  appears  to  be  in  in.sulin  hypoglycemia  ketosis 
(4,  7). 

The  pre.sent  study  was  designed  to  determine  whether  cortisone,  which 
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suppresses  fasting  ketosis  and  elevates  the  liver  glycogen,  would  niodif\ 
the  ketosis  consequent  to  corticotropin  administration. 

METHODS 

Male  all)iii()  rats  weifihiiift  2()()-2.5()  ftni,  and  fasted  l.S-24  hours  were  used.  Cortico 
tropin  was  injected  intraperitoneally  into  rats  kej)t  under  lijilit  Xeinhutal  anestliesia  a' 
a  constant  temj)erature  of  ('.  Blood  ketone  levels  were  estimated  in  tail  blood  In 
the  techni(iue  of  Werk  ct  nl.  (S)  before  and  .‘bj  hours  after  corticotropin  injection. 

RESULTS 

Figure  1  illustrates  the  ketogenic  respon.se  to  0.3  mg.  of  Wilson’s  oxycel 
corticotropin  ( Lot  00834)  in  untreated  rats  and  in  animals  that  had  received 
o  mg.  of  cortisone  acetate  subcutaneously  for  2  and  7  days  respectively. 
The  clear  bars  represent  the  increase  in  blood  ketones  in  3^  hours  in  rats 
which  did  not  receive  AC’TH  while  the  response  to  AC'TII  in  each  case  is 
charted  to  their  right.  The  data  in  the  untreated  group  confirm  previous 
re.sults,  i.e.  a  significant  increase  in  blood  ketone  levels  occurs  during  a 
3^  hour  period  of  Xembutal  anesthesia  and  is  .substantially  accentuated  by 
corticotropin.  In  unanesthetized  rats  there  is  no  increment  in  blood  ketone.s 
during  a  comparable  period  of  observation  and  a  considerably  larger  do.se  of 
.VCTH  is  necessary  to  initiate  a  ketonemic  response  (0,  B).  Treatment  with 
cortisone  significantly  depressed  the  ketonemic  respon.se  to  anesthesia  but 
did  not  diminish  the  increment  in  ketonemia  consequent  to  corticotropin 
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Fig.  1.  Influeuce  of  intraperitoneal  oxycel  .\(’TH  injection  on  blooil  ketone  levels  in 
fasted  rat.s,  untreated  and  after  2  and  7  days  of  cortisone  acetate  treatment.  The  rats 
were  kept  under  light  Xembutal  anesthesia. 
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injection,  even  though  the  final  blood  ketone  leveLs  were  isoinewhat  less  in 
file  cortisone  treated  rats. 


DISCUSSION 

This  study  presents  one  situation  in  which  ketosis  is  suppressed  by  cor- 
t  sone  treatment  and  another  in  which  it  is  not.  The  mechanism  of  the 
fetosis  associated  with  Nembutal  anesthesia  and  its  blockade  by  cortisone 
;  re  as  yet  unexplained.  Another  barbiturate,  phenobarliital,  has  lieen 
i  umd  to  have  a  similar  action  (10).  In  all  likelihood  the  ketosis  is  a  reflec- 
uon  of  an  action  of  the  barliiturates  on  acetate  and  lipid  metabolism  in  the 
liver  (11,  12). 

In  contrast  to  its  influence  on  the  ketosis  associated  with  barbiturate 
anesthesia,  corti.sone  was  entirely  without  effect  on  the  ketosis  .secondary 
to  the  action  of  oxycel  corticotropin.  Under  the  conditions  of  this  experi¬ 
ment  it  may  be  assumed  with  confidence  that  the  liver  glycogen  levels  of 
the  cortisone  treated  animals  mu.st  have  been  ipiite  ample.  Hence,  as  in 
tlie  previous  study  in  which  the  antiketogenic  effect  of  glucose  was  pre¬ 
vented  l)y  oxycel  corticotropin  (7),  it  would  appear  that  the  action  of 
oxycel  corticotropin  must  be  (piite  fundamental  to  either  ketone  production 
or  utilization  rather  than  repre.senting  a  reflection  of  some  primary  change 
in  carbohydrate  metaliolism.  At  the  pre.sent  time  the  data  are  inadeipiate 
lo  warrant  further  speculation  as  to  the  mode  of  action  of  the  oxycel  cor¬ 
ticotropin.  However,  it  should  be  emphasized  again  that  this  action  is  not 
mediated  liy  the  adrenal  cortex  and  that  it  may  represent  a  special  proper¬ 
ly  of  oxycel  corticotropin  and  certain  corticotropin  peptides  and  not  neces¬ 
sarily  the  naturalh'  occurring  hormone  (13,  14). 
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URINARY  GLUCOSE  AND  TUMOR  GROWTH  IN  PARTIALLY 
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ABSTRACT 

Tills  was  a  study  of  urinary  glucose  and  tumor  (Walker  carcinonia  2ort) 
growth  in  partially  depancreatized  rats.  The  rats  were  force-ferl  in  most  of 
the  exiieriments.  The  experiments  involved  204  partially  depancreatized  and 
00  normal  rats.  The  rate  of  tumor  growth  is  normal  in  mildly  diabetic  rats, 
hut  when  glycosuria  is  moderate  or  severe,  tumor  growth  is  retarded  in  jiropor- 
tion  to  the  severity  of  the  diabetes.  .\s  the  tumor  grows,  the  glycosuria  becomes 
less  severe  in  all  the  diabetic  tumor  hosts.  When  severely  diabetic  rats  eat 
ad  libitum,  the  rate  of  tumor  growth  is  sujipressed;  the  glycosuria  is  markedly 
flecreased  as  the  tumor  grows,  and  the  voluntary  intake  of  food,  initially  very 
liigh,  is  decreased  to  subnormal  levels.  Wh"n  the  diabetes  of  the  dejiancreatized 
rat  is  controlled  by  insulin,  the  tumor  grows  at  a  normal  rate.  An  attem|)t  was 
made  to  cause  death  of  the  tumor  by  i)roducing  severe  diabetes.  Although  the 
Walker  tumor  degenerates  more  extensively  in  the  diabetic  rat  than  in  non¬ 
diabetic  rats,  it  was  not  found  possible  to  destroy  the  tumor  completely  by  this 
means,  or  to  |)r«)long  the  survival  of  the  tumor  host  significantly  by  beginning 
the  administration  of  small  doses  of  insulin  two  weeks  following  implantation 
of  the  tumor.  When  the  administration  of  insulin  is  started,  the  tumor  begins 
to  grow  rapidly. 

IN  A  STUDY  of  the  relation.ship  of  alloxan-diabetes  and  tumor  growth 
in  the  rat,  Goranson  and  Tilser  (1)  found  a  reduction  in  the  incidence 
and  .size  of  transplanted  tumors.  The  rate  of  tumor  growth  bore  an  inverse 
relationship  to  the  severity  of  the  diabetes.  When  the  tumors  were  trans¬ 
planted  intraperitoneally  before  or  after  the  administration  of  alloxan,  the 
diabetic  action  was  either  mitigated  or  there  was  amelioration  of  the  dia¬ 
betes.  The.se  authors  have  reviewed  the  pertinent  literature. 

More  recently  Ingle  (2)  reported  that  the  growth  of  the  Walker  C’arci- 
noma  256  is  retarded  in  proportion  to  the  .severity  of  the  glycosuria  in  force- 
fed  partially  depancreatized  rats  and  that  as  the  tumor  grows  the  glyco- 
sirria  becomes  less  .severe.  The  pre.sent  .study  coirfirms  and  extends  the.se 
observations. 

METHOD 

Male  rats  of  the  Sprague-Dawley  strain  were  subjected  to  j)artial  pancreatectomy  at 
a  weight  of  approximately  375  gm.  The  procedure  of  Ingle  and  Griffith  (3)  was  modified 
in  onler  to  remove  the  pancreas  from  within  the  duodenal  loop  by  gentle  aspiration  with 
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;  fine  pipet.  Any  amount  of  pancreas  can  l)e  removed  witiiin  10  to  15  minutes.  When  tlie 

I  ancreatectomy  is  com|)lete  or  neaily  comi)lete,  the  animal  must  l)e  treated  with  insulin 

II  order  to  survive.  Vaiying  amounts  of  jiancreas  were  removed  in  these  experiments. 
Insulin  was  not  used  jmstoiieratively  and  some  of  the  most  severely  diabetic  rats  died. 

.  luring  the  first  week  following  operation  all  of  the  rats  were  given  physiological  saline 
I  )  drink  and  were  given  5000  units  of  penicillin  and  5  mg.  of  stre|)tomycin  jier  rat  per 
I  ay. 

Following  a  jiostojierative  period  of  at  least  6  weeks,  the  animals  were  jilaced  in 
i.ietaliolism  cages  and  adapted  to  the  force-feeding  of  a  medium  carbohydrate  diet  (4) 
1  y  stomach  tube  each  morning  and  late  afternoon  (2(5  cc.  per  rat  jier  day).  Twenty-four- 
!  our  samjiles  of  urine  were  collected  at  the  same  hour  each  morning  and  were  preserved 
with  thymol.  Trine  glucose  was  determined  by  the  method  of  Benedict  (5).  Following 
,  control  jieriod,  an  undiluted  homogenate  of  Walker  carcinoma  25()  was  injected  into 
the  ujiper  thigh  of  each  liind  leg. 


EXPERIMENTS  .\NI)  RESULTS 

Experiment  1  (Fig.  1)  involved  120  diabetic  rats  and  12  normal  rats, 
'fhe  diabetic  rats  were  divided  into  5  groups  of  24  rats  each  according  to 
amounts  of  gluco.se  excreted  during  the  control  period.  Twelve  rats  from 
each  group  then  received  tumor  implants  and  the  remaining  12  rats  in  each 
group  continued  to  serve  as  controls.  Twelve  normal  rats  also  received 
implants  of  tumors.  The  rats  were  killed  12  days  following  the  implanta¬ 
tion  of  tumors.  The  tumors  grew  at  a  normal  rate  in  depancreatized  rats 
which  had  either  a  mild  glyco.suria  or  no  glycosuria.  In  rats  which  excreted 
2.0  gms.  or  more  of  glucose  daily,  the  growth  of  the  tumor  was  .suppressed 
to  an  extent  proportional  to  the  severity  of  the  glycosuria.  There  was  a 
striking  suppression  of  glycosuria  in  the  tumor  hosts,  whereas  the  glyco- 


Fig.  1.  Relationship  between  urinary 
glucose  and  tumor  weight  in  force-fed  rats. 
Averages  for  12  rats  per  group. 
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suria  of  tlie  controls  in  each  group  remained  uniform. 

Experiment  2  (Fig.  2)  involved  24  normal  rats  and  24  moderately  dia¬ 
betic  rats.  The  rats  were  tube-fed  during  the  control  period  and  were  thei, 
permitted  to  eat  the  fluid  diet  ad  libitum  for  12  days.  At  the  beginning  0‘ 
eating  ad  libitum,  half  the  rats  in  each  group  received  implants  of  tumor 
There  was  a  striking  increase  in  food  intake  by  the  diabetic  rats  and  a  smal 
increase  in  food  iritake  by  the  normal  rats  when  they  were  permitted  to 
eat  ad  libitum.  There  was  an  accompanying  increase  in  glyco.suria  which 
was  subsequently  suppressed  in  the  tumor  hosts.  The  diabetic  and  non- 
dial)etic  tumor  hosts  showed  decreased  appetite  as  the  tumor  grew.  The  tu¬ 
mors  grew  to  a  much  larger  size  in  the  non-diabetic  than  in  the  dial)etic 
rats. 

Experiment  3  (Fig.  3)  involved  12  non-diabetic  and  12  rats  having 
dial)etes  of  moderate  severity  which  were  each  implanted  with  tumors  and 
observed  until  death.  Here  again  the  tumors  grew  to  a  greater  size  in  the 
non-diabetic  animals  and  the  glycosuria  of  the  depancreatized  tumor  hosts 
decreased  with  time.  One  exception  was  noted  in  which  the  glycosuria  first 
decreased  and  was  then  exacerbated  until  the  rat  died  in  diabetic  coma. 
The  tumor  was  found  to  be  very  small  and  was  apparently  completely 


Fig.  2.  Uohitlonship  between  urinary  glucose  and  tumor  weiglit  in  rats  eating 
ad  libitum,  .\verages  for  12  rats  per  group. 
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Eui.  Rolationsliip  hetwooii  urinary  filucose  and  tumor  woislit  at  time  of  death 
in  force-fed  rats.  Individual  values. 


necrotic.  The  average  time  of  jsurvival  of  the  non-diahetic  tumor  ho.sts  was 
somewhat  longer  than  for  the  diahetie  tumor  hosts. 

Experiment  4  involved  12  normal  rats  and  24  extensively  depanereatized 
rats.  All  of  the  rats  were  tube-fed  the  fluid  diet.  Each  of  the  selected  depan- 
creatized  rats  excreted  0  to  7  gms.  of  gluco.se  daily  during  the  control 
periods.  Twelve  of  the  diabetic  rats  were  treated  with  lo  units  of  regular 
insulin  just  after  each  morning  and  afternoon  feeding.  This  treatment  con¬ 
trolled  the  glycosuria.  .\11  of  the  rats  were  implanted  with  tumor  and  were 
killed  at  the  end  of  12  days.  The  average  weights  of  tumors  were  as  follows: 
normal  rats,  38.8±2.o4  gms.:  untreated  diabetic  rats,  lo.l +2.r).o  gms.; 
and  insulin  treated  diabetic  rats,  42.5  +2.80  gms. 

Experiment  5  was  a  (lualitative  study  of  the  possibility  that  the  Walker 
<>arcinoma  will  completely  degenerate  in  the  severely  diabetic  rat  prior  to 
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the  deatli  of  the  host.  Twenty-four  rats  which  eacli  had  an  average  initial 
glycosuria  of  (i.o  to  8.0  gms.  per  day  were  implanted  with  tumor.  After  1 4 
days  the  tumors  appeared  very  soft,  and  gross  examination  of  the  tumo.'s 
of  similar  animals  showed  no  recognizable  viable  tissue.  The  rats  were  the  i 
treated  wnth  0.5  to  1.0  units  of  insulin  per  rat  per  day  in  an  effort  to  sustai  n 
life  in  the  host  without  rescuing  the  tumor.  In  each  animal  the  tumor  was 
reactivated  and  continued  to  grow  until  the  animal  died.  A  few  such  ani¬ 
mals  survived  as  tumor  hosts  for  slightly  longer  periods  than  did  non-dia¬ 
betic  rats,  but  the  results  were  disappointing. 

DISCUSSION' 

The  diabetic  tumor  host  represents  two  wasteful  pathologic  processes 
competing  for  calories  and  for  protein;  there  is  amelioration  of  the  diabetes 
and  retardation  of  the  rate  of  tumor  growth.  Do  the  results  require  further 
explanation?  There  are  other  considerations  which  seem  pertinent.  The 
presence  of  insulin  is  required  for  at  least  some  anabolic  processes  (0).  In¬ 
sulin  is  considered  to  be  permissive  for  the  anabolic  effect  of  pituitary 
growth  hormone.  In  other  situations  insulin  behaves  as  though  it  must 
have  a  primary  anabolic  action  (7).  The  severely  diabetic  rat  is  protein 
depleted.  If  it  were  possible  to  withdraw  insulin  abruptly  from  the  treated 
protein-depleted  depancreatized  rat,  it  might  then  be  possible  to  test  the 
possibility  that  the  tumor  would  grow  normally  in  the  absence  of  insulin  if 
there  were  adequate  amounts  of  protein  to  feed  it.  When  we  have  at¬ 
tempted  to  do  such  experiments  the  force-fed  animals  have  died  in  diabetic 
coma.  Only  gradual  insulin  withdrawal  is  tolerated  under  these  conditions, 
and  protein  depletion  occurs  before  insulin  therapy  can  be  completely 
stopped. 

(Joranson  and  Tilser  (1)  have  suggested  that  the  block  in  the  entry  of 
glucose  into  the  metabolic  cycle  due  to  insulin  lack  may  possibh'  restrict 
tumor  growth  by  interfering  with  the  supply  of  energy  for  the  neoplastic 
process. 

It  seems  probable  that  one  mechanism  by  which  the  growing  tumor  can 
ameliorate  diabetes  is  the  utilization  of  exogenous  and  endogenous  protein 
which  would  otherwise  be  used  for  gluconeogenesis.  It  is  possible  that  the 
tumor  also  affects  the  utilization  of  carbohydrate  within  the  tumor  itself 
or  in  the  peripheral  tissues.  Some  other  stressful  conditions  are  known  to 
ameliorate  diabetes  but  the  mechanisms  are  not  known  (8). 

Jacobson  (9)  has  reviewed  the  literature  on  the  association  of  cancer  and 
diabetes  in  man  and  has  concluded  that  cancer  occurs  more  frequently  in 
diabetics  than  in  non-diabetic  patients.  It  is  possible  that  the  apparent 
greater-than-chance  association  of  the  two  diseases  represents  selective 
factors  which  so  frequently  create  spurious  associations  of  relevant  charac¬ 
teristics  in  clinical  populations.  It  would  be  unsafe  to  infer  that  any  causal 
connection  between  cancer  and  diabetes  has  been  established. 


J  nuanj,  HJoS 


DlAliHTKS  AXI)  TF.MOR  GROWTH 


N3 

Acknowledgment 

Supported  by  research  grants  from  the  National  Institutes  of  Healtli,  Public  Health 
S'  rvice  (I'SPHS  C-2213(C3)  SSS),  and  by  a  grant  from  the  American  C'ancer  Society, 
a  recommended  by  the  C’ommittee  on  Growth. 

REFERENCES 

1  Gokanson,  K.  S.  and  G.  J.  Tilskr:  Cancer  Rescarvit  15:  ()2().  Htoo. 

2  IxGLK,  1).  J.:  Endocrinology  59:  259.  195(). 

3  In'glk,  I).  J.  AND  J.  Q.  Guifkith,  Jk.:  The  Rat  in  Laboratory  Investigation,  J.  B. 
Lippincott  Co.,  Philadelphia,  1942  (p.  379). 

4  Ingle,  I).  J.,  T.  L.  .Vltamkko,  Jk.,  and  V.  Fia)Uks:  Cancer  Research  16:  437.  19,5(). 

,')  Benedict,  S.  R.:  J..1.J/..1.  57:  1193.  1911. 

(i  Lukens,  F.  I).  W.:  Diabetes  2:  491.  19,53. 

7  Krahl.  M.  E.:  Rerspectives  in  Biology  and  Medicine  1:  (i9.  1957. 
s  Ingle,  I).  J.:  The  J ournal-Lancet  73:  470.  1953. 

9  Jacobson,  P.  H.:  Milbank  Memorud  Fund  Quarterly  26:  90.  194S. 


OVARIAN  STIMULATION  IN  THE  IMMATURE  FOWL  BY 
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ABSTRACT 

Inimaturo  female  brown  Lefflioiii  ehiekens  were  injected  daily  with  a  saline 
sus|)ension  of  firound,  acetone-dried  anterior  lobes  of  cbickens.  Significant 
follicular  stimulation,  but  no  precocious  ovulation,  was  observed  in  those 
treated  from  1  to  90  days  of  af!;e,  from  30  to  (io  days,  and  fiom  (iO  to  150  days, 
but  not  in  those  treated  from  1  to  35  days.  .\11  stimulated  ovaries  were  essen¬ 
tially  normal  in  ai)pearance,  showing  none  of  the  hyperplastic,  cystic  f^rowth 
observed  after  treatment  with  pregnant  mare  serum  (RMS)  or  mammalian 
follicle  stimulating  hormone. 

.Vccelerated  comb  growth,  indicatinfj  increased  androfjen  .secretion,  was 
maintained  in  each  <;roui)  throuuhout  the  injection  peiiod.  Such  sustained 
comb  stimulation  caniu)t  be  i)roduced  by  PMS,  for  cessation  of  j^rowth  and 
actual  reRiession  occur  with  prolonned  treatment. 

These  results  (follicular  stimulation,  ^Pneral  normality  of  the  treated 
ovaries,  sustained  comb  {growth)  support  the  hypothesis  that  there  are  (pialita- 
tive  (lifTerences  between  avian  and  mammalian  gonadotrophins. 

ALTII0U(JII  precociou.s  follicular  growth  can  easily  he  induced  in  many 
L  mammalian  ovaries  by  treatment  with  gonadotrophic  hormones, 
until  recently  (1,  2)  little  or  no  follicular  stimulation  had  been  ob.servedin 
the  immature  avian  ovary  (See  8  for  review  of  literature).  In  attempting 
to  stimulate  precocious  follicular  development  in  the  chick,  gotiadotro- 
phins  from  mammalian  sources  have  been  u.sed  almost  exclusively.  Taber 
(8)  postulated  that  the  lack  of  response  might  be  due  to  inade{iuacies  of 
the  exogenous  hormonal  stimuli  or  to  inherent  unresponsivene.ss  of  tin* 
juvenile  avian  ovary. 

Precocious  endocrine  function  of  the  chick  ovary  can  be  pro<luced  by 
mammalian  gonadotrophins,  such  as  pregnant  mare  .serum  (PMS),  but 
cannot  be  maintained.  With  continued  treatment,  complete  refractoriness 
of  the  ovary,  indicated  by  comb  regre.ssion,  occurs. 

In  connection  with  an  entirely  different  problem  (4)  it  was  desirable  to 
administer  gonadotrophic  hormones  to  ovariectornized  chickens  over  a 
period  of  .several  months.  It  .seemed  possible  that  the  use  of  avian  gonado- 
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tiophins  might  eliminate  f^ome  of  the  diffieulties  resulting  from  the  use  of 
mammalian  preparations. 

Several  extracts  of  chicken  pituitaries,  including  a  crude  suspcmsion  of 
aretone-dried  anterior  lobes,  were  tested  for  gonadotrophic  activity  in  21- 
(l.iy-old  chicks.  Since  the  gonadotrophic  potency  (as  indicated  by  comb 
growth)  was  as  great  in  the  crude  preparation  as  in  the  relatively  purified 
c:.tracts,  extraction  procedures  were  discontinued,  .\fter  15  days  of  daily 
ticatments,  combs  (height  Xlerigth)  were  38%  larger  and  ovaries  93% 
In  avier  than  those  of  controls  The  ovaries  of  two  of  the  five  injected  birds 
(•(tiitained  follicles  over  0.5  mm.  in  diameter,  whereas  no  follicles  larger 
tlian  0.5  mm,  were  found  in  controls.  Although  the  difference  between  fol¬ 
licular  size  in  controls  and  pituitary-treated  birds  was  not  statistically  sig¬ 
nificant,  the  results  suggested  that  a  more  detailed  study  of  the  effects  of 
chicken  gonadotrophins  on  the  immature  chicken  ovary  should  be  made. 

.MATERIALS  AM)  METHODS 

The  siiifile-coinl),  l)n)\vn  Leghorn  was  used  in  all  experiments.  Chicken  heads, 
l)acked  in  ice,  were  obtained  from  a  commercial  j)oultry  company'*  ai)pro.\imately  12 
hours  after  decapitation.  No  attempt  was  made  to  obtain  heads  of  the  same  variety, 
sex  or  age.  The  anterior  lobes  were  removed,  dried  in  acetone,  frozen  and  stored  until 
needed,  at  which  time  they  were  ground  to  a  powder  and  the  equivalent  of  4  pituitaries 
was  suspended  in  O.o  cc.  of  saline.  .\11  injections  were  given  subcutaneously,  daily  except 
Sunday.  Controls  and  injected  birds  were  kept  in  the  same  cages  and  body  weights  and 
comb  sizes  were  checked  once  or  twice  a  week.  .\t  autopsy,  pituitaries,  adrenals,  thyroids 
and  ovaries  were  weighed,  fixed  in  formol-Zenker  and  prepared  in  the  routine  manner 
for  hematoxylin  and  eosin-stained  serial  .sections.  In  studying  the  ovaries,  one  section 
on  every  fifth  row  on  the  slides  was  carefully  examined  and  these  sizes  of  the  three 
largest  follicles  were  measured  with  an  ocular  micrometer.  In  addition,  all  follicles  ov'er 
().,')  mm.  in  diametei’  were  measured  and  counted  on  five  sections,  evenly  spaced  through 
the  ovary.  .\n  indication  of  follicular  size  throughout  each  ovary  as  well  as  the  diameter 
of  the  largest  follicle  could  be  determined  by  this  method. 

EXPERIMENTS  AM)  RESULTS 

( tcneral  observations 

Four  groups  of  birds  were  treated:  A,  injected  witli  4  or  8  pituitaries 
from  the  day  of  hatching  to  35  days  of  age;  B,  injected  with  4  pituitaries, 
increa.sed  gradually  to  16,  from  the  day  of  hatching  to  90  days;  C,  injected 
with  2-4  or  8-12  pituitaries  from  day  30  to  day  65;  I),  injected  with  12- 
20  pituitaries  from  day  60  to  day  150. 

In  a  few  cases  a  mild,  transitory,  inflammatory  reaction  occurred  at  the 
'ite  of  the  injection.  .Although  the  injected  birds  appeared  healthy,  their 
average  body  weights  were  less  than  controls,  and  .significantly  le.^-s  in 


**  We  gratefully  acknowledge  the  cooperation  and  generosity  of  White  Oak  .Veres 
Poultry  C'o.,  Monroe,  North  Carolina  in  supplying,  packing,  and  delivering  the  chicken 
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group  A  and  in  those  receiving  2-4  pitiiitaries  in  group  C  (P  =  .01,  .02, 
.04). 

Accelerated  comh  growth,  indicating  stimulation  of  androgen  secretion, 
was  observed  in  all  treated  birds  and,  with  the  exception  of  three  binis 
(one  in  C  and  two  in  D),  this  accelerated  growth  continued  throughout  ti  e 
treatment  periods. 

In  no  group  were  there  significant  differences  in  adrenal  or  thyroid 
weights  when  compared  with  controls.  However,  increased  vacuolization 
of  thyroid  follicles  and  decreased  lipid  content  of  adrenal  cortical  cells  .sug¬ 
gested  increased  thyroid  and  adrenal  function  and  indicated  the  probable 
pre.sence  of  thyrotrophic  (TSH)  and  adrenocorticotrophic  hormones 
(ACTH)  in  the  pituitary  powder. 

Pituitary  weights  tended  to  be  le.ss  in  injected  birds,  and  were  signifi¬ 
cantly  less  in  groups  A  and  B  (P  =  .0o,  .00,  .01).  No  comsistent  histological 
differences  could  be  detected  in  hematoxylin  and  eosin-stained  .sections. 

In  each  treated  group  ovarian  weight  was  greater  than  that  of  controls 
(Table  1).  This  increase  was  .statistically  significant  except  for  the  birds 
receiving  8  pituitaries  in  group  A  and  the  birds  in  group  D.  Although  there 
were  definite  histological  differences  between  the  ovaries  of  treated  and 
control  birds,  the  treated  ovaries  were  e.ssentially  normal  in  appearance. 
(Ovaries  of  group  D  were  not  sectioned.)  In  each  group  there  was  an 
increase  in  the  number  of  polyovular  follicles  and  an  increase  in  the  num¬ 
ber  of  interstitial  cells.  Treated  ovaries  could  easily  be  distinguished  from 
controls  on  the  basis  of  a  relatively  low  proportion  of  vacuolated  inter¬ 
stitial  cells  as  compared  with  tho.se  with  granular  cytoplasm.  There  was  a 
slight  but  definite  increase  in  the  thickness  and  density  of  the  cortical  tis¬ 
sue  in  treated  ovaries,  but  little  or  no  change  in  the  medullary  region. 

A.  Chicks  treated  from  1  to  35  days  of  age 

Five  chicks  received  4  pituitaries  (5.6  mg.)  daily  and  5  received  8  pitui¬ 
taries  (11.2  mg.)  daily.  Comb  stimulation  and  increase  in  ovarian  weight 
over  the  control  weights  (27%  and  28%)  were  similar  in  the  two  injected 
groups.  There  was  no  increase  in  the  size  or  number  of  follicles  (Table  1). 

An  epidemic  of  Newcastle’s  disease  occurred  in  the  cage  of  birds  receiv¬ 
ing  8  pituitaries  per  day.  Therefore,  no  valid  comparison  can  be  made  a> 
to  the  effectiveness  of  doubling  the  pituitary  dosage.  In  spite  of  a  .severe 
weight  reduction  in  the  controls  of  this  group,  ovarian  development  and 
function  were  comparable  to  tho.se  of  the  healthy  controls. 


B.  Chicks  treated  1  to  90  days 

Since  no  follicular  stimulation  was  produced  after  35  days  of  treatment, 
5  chicks  were  injected  for  90  days.  The  number  of  pituitaries  given  daily 
was  gradually  increa.sed  from  4  to  16  (5.6-25.2  mg.).  Comb  growth  was 
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Tabi.k 

;  1.  OVARIA.V  RESPONSE  TO 

CHICKEN 

PITIITARY 

POWDEK 

No. 

Comb 

Ovary 

%  body 

l..argest 

No.  foil.  p<*r  soot.* 

Polyoviilar 
foil,  per 
sect.* 

(hXl) 

(iiiR.  S.D.) 

wt. 

s.o!) " 

.5-|-iniii.  1.5+iiHii. 

2.5-|~nHn. 

A 

Injected  1 

-35  days 

4 

at. 

5 

6.0 

125. 5±  10.6 

.05 

.3+  .07 

0 

0 

0 

1.6 

( 

ntroU 

4 

2.0 

08. 5±  21.6 

.03 

.3±  .06 

0 

0 

0 

.5 

8 

itA 

5 

6.0 

06. 2±  30.2 

.05 

.3±  .04 

0 

0 

0 

5.2 

(■ 

iitrols’ 

9 

2. .3 

74. 0±  16.2 

.03 

.3±  .0.3 

0 

0 

0 

.7 

B 

Injected  1 

-iH)  days 

4 

16  pit. 

5 

.30.7 

721.6±212.6 

.00 

2.7±  .78 

8.8 

0.6 

0.1 

3.1 

( 

ntrols 

5 

5.0 

.311. 0±  .3.6 

.04 

.71  .08 

1.1 

0 

0 

.6 

(• 

Injected  SO-OH  days 

o 

t  pit. 

5 

1.3. 3 

279. 0±  63.6 

.05 

1.01  .57 

1.8 

0.3 

0 

1.2 

8 

12  pit. 

7 

18.0 

.370. 6  ±124.2 

.06 

1.21  .50 

3.0 

0.1 

0 

.8 

( 

ntrols 

11 

5.4 

150. 6±  31.8 

.02 

.61  .20 

0.4 

0 

0 

.3 

1  Avt^rages  from  5  evenly  spaced  sections. 

•  Averages  from  approximately  every  3()th  section. 

*  Newcastle’s  disease  in  this  group. 


maintained  at  an  accelerated  rate  throughout  the  period.  Ovaries  of  in- 
ji'cted  birds  were  132%  lieavier  than  controls  and  looked  like  normal 
ovaries  of  untreated  pullets  of  about  5  months  of  age,  just  prior  to  the 
time  of  accelerated  growth  before  the  onset  of  laying. 

The  striking  ditference  between  control  and  treated  ovaries  was  the 
difference  in  follicular  size.  All  treated  ovaries  contained  follicles  over  1 
mm.  in  diameter,  more  than  twice  the  diameter  of  the  largest  follicle  in 
any  control;  the  average  diameter  of  the  largest  follicle  in  the  5  treated 
ovaries  was  approximately  4  times  that  of  the  5  controls.  Follicular  stimu¬ 
lation  was  observed  throughout  the  ovaries  and  was  not  limited  to  one  or 
two  large  follicles  (see  Table  1). 

('.  Birds  treated  38  to  65  days 


Since  pronounced  follicular  stimulation  was  observed  at  90  days,  but 
none  at  3o  days,  the  following  experiment  was  planned  to  determine  if 
follicular  stimulation  could  be  produced  prior  to  90  daj's.  Five  chicks 
(CJroup  1)  were  given  injections  of  pituitaries  gradually  increasing  from 
2  to  4  (2.8-5. 6  mg.),  and  7  chicks  (Group  2)  were  similarly  treated  with 
pituitaries  increasing  from  8  to  12  (11.2-16.8  mg.),  beginning  day  30  and 
continuing  to  day  65. 

Grossly,  as  well  as  histologically,  the  treated  ovaries  were  normal  in 
appearance.  The  major  difference  was  in  the  size  of  follicles.  In  Groups  1 
and  2,  80%  and  86%,  respectively,  of  the  ovaries  contained  follicles  larger 
than  0.5  mm.  in  diameter,  as  compared  with  36%  of  controls;  in  Groups  1 
and  2,  40%  and  71%,  respectively,  contained  follicles  at  least  1  mm.  in 
diameter,  as  compared  with  9%  of  controls  (Table  1).  In  one  treated  ovary, 
there  was  a  large  number  of  lipoid-filled  interstitial  cells.  This  was  the 
ovary  from  a  bird  which  had  shown  comb  regression  after  an  initial  stimu¬ 
lation. 
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1).  Birds  injected  60  /o  loO  days 

Thi.s  experiment  was  planned  to  tletermine  if  mature  follicles  and  ovula¬ 
tion  could  be  induced  precociously.  Six  2-month-old  pullets  were  injectdl 
daily  for  three  months  with  12  to  20  pituitaries  (10.8-28  mg.). 

The  response  of  the  comb  was  not  consistent  in  the  injected  birds.  T\\o 
of  the  birds  became  refractory  after  two  weeks  of  treatment.  Both  birds 
were  .smaller  than  the  others  and  one  was  weak  and  .sickly.  In  genera!, 
comb  growth  was  accelerated,  as  compared  with  controls,  for  about  two 
months.  Early  in  the  third  month,  with  approaching  sexual  maturity, 
there  was  a  significant  increase  in  the  rate  of  comb  growth  in  controls, 
exceeding  the  relatively  constant  rate  in  injected  birds.  By  the  end  of  the 
experiment  both  comb  .size  and  the  rate  of  growth  were  about  the  same  in 
each  group. 

After  44  days  of  treatment,  laparotomies  were  performed  on  three' 
treated  birds  and  two  controls.  Follicles  measuring  1-3  mm.  in  diameter 
were  observed  in  the  treated  birds,  whereas  no  measurable  follicles  wen* 
.seen  in  control  ovaries. 

Prior  to  autop.sy  on  day  1.50,  two  controls  and  two  treated  birds  laid,  on 
days  141  and  1.50  and  on  days  14.5  and  148,  re.spectively.  There  was  no 
significant  difference  between  weights  of  ovaries  in  the  two  groups,  how¬ 
ever  the  number  of  medium  sized  follicles  in  the  ovaries  of  injected  birds 
was  considerably  greater  than  in  controls.  In  injected  birds,  1()"P  follicles 
from  2-17  mm.  in  diameter  were  counted,  as  compared  with  03  in  an  ecpial 
number  of  controls.  The  number  of  follicles  larger  than  17  mm.  was  about 
the  same:  8‘‘  in  treated  ovaries  and  10  in  controls. 

DISCUSSION 

Das  and  Nalbandov  (1)  were  the  first  to  report  follicular  stimulation  in 
immature  hypophy.sectomized  and  normal  chickens  treated  with  chicken 
pituitary  powder.  They  ob.served  such  stimulation  at  6.5  days  of  age,  the 
youngest  of  their  treated  groups.  Mammalian  gonadotrophins  failed  to 
induce  follicular  growth.  They  concluded  that  the  gonadotrophins  from 
chicken  pituitaries  differed  qualitatively  from  tho.se  of  mammalian  pitui¬ 
taries.  In  an  earlier  paper  on  the  respon.se  of  males  to  gonadotrophins, 
Nalbandov,  Meyer  and  MeShan  (.5)  postulated  a  third  gonadotrophin, 
other  than  luteinizing  (LH)  or  follicle  .stimulating  (FSII)  hormones,  in 
avian  pituitaries. 

We  ob.served  three  major  differences  between  the  effects  of  chicken 
pituitary  powder  and  mammalian  gonadotrophins.  First,  precocious  follicu¬ 
lar  growth,  similar  to  that  reported  by  Das  and  Nalbandov,  could  he 

The  actual  figures  for  treated  ovaries  would  he  higher,  for  the  largest  ovary  from 
tlie  injected  group  was  inadvertently  destroyed  before  a  coni|)lete  count  of  follicles  was 
inaile 
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St •  Ululated  hy  treatment  with  ehieken  pituitaries  Imt  not  liy  treatment 
witli  PMS  or  mammalian  FSII  or  LH  (8).  Failure  to  obtain  follicular 
stimulation  in  the  youngest  group,  85  days  old,  suggests  that  the  ovary  at 
tl  at  age  is  not  capable  of  responding 

Secondly,  ovaries  from  birds  treated  with  chicken  pituitaries,  although 
hi  ger  and  more  mature  than  those  of  controls,  were  essentially  normal  in 
gross  and  histological  appearance.  The  normality  of  these  ovaries  was  in 
striking  contrast  to  the  response  observed  after  treatment  with  mammalian 
gonadotrophins.  Typically,  PMS  ami  mammalian  FSII  produce  pro¬ 
nounced  medullary  hyperplasia  with  distended  medullary  tubules.  The 
rc'ult  is  a  large,  extremely  cy.stic,  abnormal  organ.  In  the  youngest  group 
treated  with  chicken  pituitaries  the  increase  in  ovarian  weight  over  the 
controls  was  27%  as  compared  with  a  400%  increase  in  birds  treated  with 
PMS  for  the  same  period  of  time  and  having  similar  comb  sizes.  The  in¬ 
creased  number  of  polyovular  follicles  in  the  ovaries  of  birds  treated  with 
chicken  pituitaries  was  similar  to  that  observed  following  mammalian 
LI  1-treatment  (8). 

riiirdly,  accelerated  comb  growth  could  be  maintained  in  birds  treated 
with  chicken  pituitaries,  indicating  that  the  ovaries  did  not  become  re¬ 
fractory  to  the  treatment.  In  the  chicks  treated  from  the  day  of  hatching 
(groups  A  and  B)  comb  growth  for  20  days  was  comparable  to  that  of 
chicks  receiving  1()()-140  i.u.  of  PMS.  After  this  time,  however,  the  combs 
of  the  pituitary-treated  birds  continued  to  grow  at  an  accelerated  rate, 
wliereas  comb  regression  occurred  in  the  PMS-treated  birds.  In  one  or  two- 
nionths-old  birds  treated  with  PMS  refractoriness  occurred  after  12  days 
and  in  three-months-old  birds  cessation  of  comb  growth  and  regression 
occurred  after  8  days  (8). 

Our  results  support  the  hypothesis  that  the  gonadotrophins  of  chicken 
pituitaries  differ  (pialitatively  from  the  mammalian.  However,  in  both  our 
experiments  and  in  tho.se  of  Das  and  Xalbandov,  the  entire  anterior  lobe 
of  the  chicken  pituitary  was  used.  In  addition  to  gonadotrophins,  this 
l)owder,  in  our  experiments,  was  shown  to  contain  some  TSII  and  AOTII. 
Since  the  mechanism  of  follicular  maturation,  involving  the  mobilization 
of  large  amounts  of  yolk  in  the  bird,  is  extremely  complex,  it  is  possible  that 
other  pituitary  homones,  in  addition  to  gonadotrophins,  play  a  role. 
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NOTEf^  AND  C’OM.MENTS 

ArTOTRANSPLAXTATlOX  OF  THK  ADRKXAL  OF  THE  RAT  TO 
THE  PORTAL  CIRCT  LATIOX:  STFDIES  IX  .MALE  RATS' 

ABSTRACT 

Male  rats  were  adrenaleetomized  and  lialf  of  them  castrated.  Both  major 
groups  were  subdivided  as  follows:  One  adrenal  left  in  situ,  one  adrenal  re- 
implanted  in  the  systemic  circulation,  one  adrenal  re-implanted  in  the  portal 
circulation  with  and  without  parenteral  cortisone.  Hj’pertrophj’  of  the  adrenal 
did  not  occur  in  any  of  the  groups.  This  is  in  contrast  to  the  findings  in  female 
rats,  in  which  the  intrajxutal  adrenal  underwent  marked  h3  pertroph}'  which 
was  preventable  b.v  oophorectomv. 

In  a  recent  publication  (1)  it  was  demonstrated  that  an  adrenal  gland  imidanted  In 
the  j)ortal  venous  bed  of  the  female  rat  underwent  an  unusual  hvpertroph.v  that  was 
l)reventable  by  ooi)horectomy.  The  present  communication  will  demonstrate  that  this 
l)heiutmenon  does  not  occur  in  either  the  intact  or  castrated  male. 

METHODS 

Male  rats  of  the  Long-Evans  strain  weighing  approximatel.v  250  gm.  were  divided  into 
four  groups  of  twelve  animals  each.  In  “Group  which  served  as  controls,  the  right  adrenal 
gland  only  was  extirpated.  In  the  remaining  three  groups,  after  bilateral  adrenalectomy,  tlu* 
left  adrenal  was  re-implanted  in  a  new  site  as  follows:  In  “Group  H”  to  the  sjsteniic  circula¬ 
tion  (i.e.,  the  loose  tissue  around  the  spermatic  cord);  in  “Group  C'”  to  the  portal  circulation 
(i.e.,  the  greater  curvature  of  the  stomach  adjacent  to  the  sjilenic  veins,  rather  than  directly 
to  the  spleen  where  adhesions  were  more  likel.v  to  occur);  “Group  I)”  was  treated  the  same 
as  “Group  C”  with  the  additional  jiarenteral  administration  of  cortisone,  1  mg.  dail.v  for  .i 
days  of  the  week. 

.\  second  similar  group  of  male  rats  were  prepared  to  correspond  to  Groups  B,  C,  and 
1)  described  above,  but  in  addition  were  castrated  at  the  time  of  operation. 

Following  surw'ry,  all  of  the  animals  were  maintained  on  normal  saline  for  a  period  of 
three  weeks  in  addition  to  the  standard  laboratory  diet.  The  rats  were  weighed,  sacrificeil 
and  subjected  to  autopsv  after  150  days.  .\t  autopsy,  the  adrenal  gland  was  carefull.v  free<l 
of  adherent  tissvies,  blotted,  and  weighed.  If  adrenal  remnants  were  found  due  to  incomplele 
removal  of  the  gland  from  its  original  site,  or  if  accessor.v  adrenal  tissue  was  discovered,  the 
animals  were  not  included  in  the  series. 


RESULTS 

From  Table  1,  it  is  evident  that  after  unilateral  adrenalectomv  in  the  male  rat,  there 
is  no  significant  com])ensatory  lu’pertrophv'  of  the  remaining  adrenal  gland  left  in  situ. 
.Moreover,  bilateral  adrenalectomy  and  the  re-implantation  of  one  adrenal  either  to  the 
systematic  circulation  or  the  the  portal  circulation,  did  not  result  in  adrenal  hxper- 
troi)h.v.  This  is  in  shari)  contrast  to  what  we  previously  demonstrated  in  the  intact 
female  rat  (1),  where  it  was  found  that  the  adrenal  transplanted  to  the  portal  circulation 
showed  a  mean  increment  of  19.5  mg.  per  100  gm.  bodj’  weight  which  was  more  than 
twice  that  of  the  controls. 

The  data  in  Table  2  are  not  statisticallx*  different  from  those  in  Table  1,  which  im- 
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Table  1.  Mean  CHAXCiE  ix  adrenal  WEKiHT  after  150  days  in  male  rats* 


Type  of  experiment  t 

No.  of  rats 

Initial  wt. 

Final  wt. 

Increment 

S.D.  of 
increment 

Left  adrenal  in  situ 

11 

(Right 

adrenal) 

5 . 1 

(Left 

adrenal) 

0.5 

1  .4 

1.7 

Left  adrenal  in  systemic 
circulation 

10 

0.3 

7.4 

1 . 1 

3.5 

Left  adrenal  in  portal  cir¬ 
culation 

12 

0 . 7 

9.7 

3.0 

4.7 

Left  adrenal  in  jiortal  cir¬ 
culation,  parenteral  corti¬ 
sone  5  mg. /week 

11 

0.4 

10.0 

3.0 

3.1 

*  Tlu‘  weight  of  the  adrenal  is  expn'ssed  as  the  mean  weight  in  mg.  per  100  gm.  hody 
wiight. 

t  Group  was  the  oidy  group  in  whieh  unilateral  adrenalectomy  was  performed.  Groups 
B,  C,  and  I)  were  bilaterally  adrenaleetomized  and  the  left  adrenal  re-im])lanted  in  a  new 
sit<“. 


T  able  2.  Mean  chanoe  in  adrenal  weicht  after  150  days  in  castrated  .male  rats* 


Type  of  experiment  t 

No.  of  rats 

Initial  wt. 

Final  wt. 

Increment 

S.l).  of 
increment 

.4.  Left  adrenal  in  situ 

10 

(Right) 

adrenal) 

5.8 

(Left 

adrenal) 

7.8 

2.0 

1  .4 

B.  Left  adrenal  in  systemic 
circulation 

12 

0.5 

8.3 

1 .8 

4.8 

C.  Left  adrenal  in  portal  cir¬ 
culation 

12 

0 .4 

8.8 

2.4 

2.7 

I).  Left  adrenal  in  portal  cir¬ 
culation,  parenteral  corti¬ 
sone  5  mg. /week 

10 

7.0 

10.1 

3.1 

4.2 

*  The  weight  of  the  adrenal  is  expressed  as  the  mean  weight  in  mg.  per  100  gm.  body 
weight. 

t  Group  .4  was  the  only  group  in  whieh  unilateral  atlrenaleetomy  was  ])erformed.  Groups 
B,  C,  and  D  were  bilaterally  aflrenaleetomized  and  the  left  adrenal  re-implanted  in  a  new 
site. 


plies  that  castration  had  no  demonstrable  effect  on  the  adrenal  weights  of  male  rats  in 
any  of  these  e.xperiments.  Similarly,  the  effect  of  cortisone  is  negligible. 

Donald  E.  Bernstein  and  Gerson  R.  Biskind 
Df  partments  of  Pathology  and  Medicine 
Mount  Zion  Hospital 
San  Francisco,  California 
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C.ONADAL  INFLUENCES  ON  PLASMA  FIBRIN  AND  FIBRINOLYTIC 

ACTIVITY:  A  POSSIBLE  BASIS  FOR  THE  FURTHER  ANALYSIS  OF 
SOME  FORMS  OF  CORONARY  THROMBOSIS 

ABSTRACT 

Analysis  of  plasma  fibrin  and  fibrinolytic  capacity  in  normal  and  sonadec- 
tomized  male  and  female  rats  revealetl  male  plasma  fibrin  to  be  statistically 
higher  in  males  than  in  females,  this  difference  being  eliminated  by  gonadec- 
tomy  due  to  elevation  of  fibrin  after  ovariectomy  and  the  absence  of  change 
after  orchidectomy.  Fibrinolytic  activity  of  plasma  is  the  same  in  males  and 
females  under  basal  conditions,  but  is  dej)res.sed  by  orchidectomy;  it  is  espe¬ 
cially  low  three  hours  after  a  fatty  meal — but  only  in  normal  males. 

On  the  basis  of  these  findings  an  hypothesis  is  outlined  to  account  for  the 
higher  incidence  of  coronary  occlusion  in  males  according  to  which  the  alread}' 
susceptible  males  (with  higher  plasma  fibrin)  become  even  more  susceptible 
to  fibi  in  deposits  when  their  plasma  fibrinolytic  capacity  is  markedly  depres.sed 
after  fatty  meals  with  consequent  diminished  capacity  to  lyse  fibrin  deposits 
which  may  form  in  previously  rigid  and  stenosed  coronary  arteries. 

Fibrin  deposition  and  plasma  fibrinolytic  activity  have  rei)eatedly  been  considered  as 
important  factors  in  the  iiromotion  or  |)revention  of  coronary  thrombosis  (2,  7).  C'on- 
siderable  information  is  already  available  about  blood  li|)id  in  relation  to  sex,  diet,  blood 
coagulation  and  heparin  (8,  16,  17),  and  even  .scattered  data  relating  to  |)lasma  fibrin 
and  fibrinolytic  activity  as  affected  by  sex  (2)  and  by  diet  (14,  15).  Yet,  to  our  knowledge, 
there  have  not  been  any  systematic  studies  of  the  relations  between  gonadal  activity, 
plasma  fibrin  and  fibrinolytic  activity  or  of  modifications  thereof  by  fat  intake  (in  rela¬ 
tion  to  sex)  in  the  production  or  prevention  of  coronary  tlisea.se. 

Our  interest  in  this  aspect  of  vascular  physiology  was  initiated  by  our  observation 
that  if  male  and  female  rats,  both  groups  with  equivalent  degrees  of  previously  induced 
coronary  sclerosis  and  .stenosis  (9,  10,  11),  are  placed  on  a  high  fat  diet,  then  the  males 
soon  died  while  the  females  survived.  However,  males  with  comparable  coronary  lesions 
maintained  on  the  stock  diet,  relatively  low  in  fat,  also  lived  until  the  time  of  sacrifice. 
As  a  working  hypothesis  we  suggested  that  the  males  had  died  from  acute  coronary  in¬ 
sufficiency  occasioned  by  deposition,  within  already  narrowed  and  rigid  coronary  arteries, 
of  fibrin,  the  latter  being  precipitated  by  a  sudden  diminution  of  plasma  fibrinolytic 
capacity  following  the  consumption  of  a  fatty  meal  in  a  manner  described  by  Greig  (14) 
and  recently  confirmed  bj-  us  in  rats  (13).  If  this  hypothesis  can  be  proved  then  the 
thrombotic  episodes  in  coronary  disease  will  be  better  understood,  especially  in  relation 
to  sex  differences  and  fat  intake. 

As  the  first  stej)  towards  testing  this  hypothesis  the  plasma  fibrinolytic  capacit}’  was 
examined  in  groups  of  normal  and  gonadectomized  adult  male  and  female  rats  under 
basal  conditions.  Subsequently  the  responses  of  plasma  fibrinolytic  activity  and  blood 
lipids,  to  single  standard  fatty  meals,  were  also  examined  and  reported  fully  elsewhere 
(13)  as  were  the  effects  on  these  aspects  of  blood  chemistry,  of  implanting  estrogen  and 
testosterone  pellets  into  gonadectomized  rats.  Our  present  objective  is  primarily  to 
report  brieflj'  the  basal  plasma  fibrin  and  fibrinolytic  activity  in  the  above-mentioned 
groups  of  rats. 

Fibrinolytic  activity  was  estimated  in  duplicate  for  each  rat,  using  modifications  nf 
the  method  of  Biggs  and  Macfarlane  (4)  and  Bidwell  (3)  permitting  estimations  to  l  e 
conducted  on  tail  blood.  In  essence  this  method  involved  the  precipitation,  by  10  units 
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oi  thrombin  (Parke,  Davis)*  of  the  fibrin  present  in  O.l  ml.  of  citrated  plasma.  Fibrino- 
h  tic  activity  was  expressed  as  a  percentage  of  the  initial  amount  of  fibrin,  estimated 
it  duplicate  by  the  same  method,  on  other  O.l  ml.  samples  of  the  same  plasma  after  4 
li  lurs  incubation  at  37°  C. 

While  conducting  these  estimations,  it  was  noted  that  the  rate  and  quantity  of  fibrin 
fi  rmation  (induced  in  citrated  plasma  by  known  quantities  of  thrombin)  varied  con- 
s  lerably  in  the  different  groups  of  animals.  These  differences  were  sufficiently  gross  to 
h  obvious  even  macroscopically  (Fig.  1).  We  therefore  also  estimated  (in  duplicate)  the 
fi  iiin  content  of  the  plasma  in  these  same  group  of  rats — fil)rin  being  expressed  as  tyro¬ 
sine  in  0.1  ml.  of  citrated  plasma. 

The  results  of  our  estimations  of  both  plasma  fibrin  and  fibrinolytic  capacity  in  the 
V  irious  groui)s  of  animals  under  basal  conditions  are  inesented  in  Talile  1  and  Figures 


Fig.  1.  In  vitro  fibrin  yield  from  male  and  female  rat  plasma  induced  by  Calcium 
Chloride.  Note,  much  greater  fibrin  clot  in  “male”  plasma.  I‘]ach  tube  contained  0.4  mis. 
citrated  plasma  (male  or  female  as  indicated),  1.0  ml.  of  0.9%  Sodium  Chloride,  an  1 
1.0  ml.  of  1.1%  Calcium  Chloride. 


i  2  ami  3 — the  means  and  standard  deviations  being  derived  from  analyses  on  15  rats  in 
j  each  group. 

The  above  data  seem  to  permit  the  following  conclusions:  (1)  The  fibrin  content  of 
file  plasma,  as  here  determined,  is  .significantly  (P<.01)  higher  in  normal  male  than  in 
female  Wistar  strain  albino  rats.  (2)  'I'hese  sex  differences  in  plasma  fibrin  are  virtually 
eliminated  by  gonadectomizing  males  and  females,  the  elimination  of  the  sex  differences 
being  due  to  increases  in  the  fibrin  cimtent  of  the  jilasma  of  females  40  days  after  ovariec¬ 
tomy,  while  castration,  of  similar  duration,  produced  virtually  no  change  in  male  plasma 
librin  levels  (Table  1;  Fig.  2).  (3)  The  fibrinolytic  activity  of  plasma,  from  normal  male 
I  and  female  rats  umler  basal  conditions,  do  not  differ  statistically.  (4)  Castration  of 
i  males  is  followed  by  profound,  if  somewhat  variable,  diminutions  in  jilasma  fibrinolytic 

i  '  We  wish  to  thank  Dr.  Eugene  H.  Payne  of  Parke,  Davis  &  Co.,  Detroit,  for  generous 

'Upplies  of  “Thrombin  Topical”  used  in  these  studies. 
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Table  1.  Gonadal  influences  on  plasma  fibrin  yield  and 

FIBRINOLYTIC  ACTIVITY  IN  RATS 


Normal 

C'ast  rated 

Fibrin* 

Males 

49+7 

47  +  14 

Females 

28  ±5 

41  ±6 

Fibrinolytic  activityf 

Males 

85+9 

59+28 

Females 

72  +  15 

77±15 

*  Fibrin  expressed  as  mierograms  tyrosine/O.l  ml.  citrated  plasma. 

t  Fibrinolytic  activity  expressed  as  percentage  lysis  of  initial  clot  after  4  hours  incubation 
at  37°  C.  ■ 


Fig.  2.  Gonadal  influence  on  fibrin  yields  from  rat  plasma  (expressed  as  micrograms 
tyrosine  0.1  ml.  plasma).  .\  =  Normal  Males.  B  =  Normal  Females.  C  =  Gonadectomize(! 
Males.  1)  =  Gonadectomized  Females.  Each  line  repre.sents  estimations  in  duplicate  on 
one  animal.  Heavy  lines  represent  means  for  each  group  of  15  rats  (see  Table  1  fo 
actual  values). 
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a(  civity,  the  elianses  being  statistieally  significant  when  compared  with  normal  males 
(r<.01),  whereas  ovariectomy  in  females  i)roduces  virtually  no  alteration  (Fig.  3). 
T MIS,  the  alteration  in  plasma  fibrinolytic  activity,  induced  by  gonadectomizing  male 
aii  1  female  rats,  is  the  complete  inverse  of  the  changes  in  the  plasma  fibrin  content 
in  luced  in  the  same  rats  by  this  operation. 

Further,  our  preliminary  studies  of  the  clotting  time,  following  recalcification,  indicate 
til  it  pooled  plasma,  from  normal  males  or  from  ovarieetomized  females,  clots  at  about 
the  same  speed  (105-120  see.)  whereas  that  from  normal  females  or  castrated  males  both 
t:i -ce  between  200  and  215  seconds  to  clot.  That  the  differences  in  amount  and  speed  of 
fil  rin  yielded  by  plasma,  in  the  different  groups,  using  the  above-mentioned  techniques, 


Fig.  3.  Gonadal  influence  on  fibrinolytic  activity  in  rat  plasma  expressed  as  per¬ 
centage  of  initial  clot.  .\  =  Normal  Males.  B  =  Normal  Females.  C  =  Gonadectomized 
Males.  1)  =  Gonadectomized  Females.  Each  line  represents  average  of  duplicate  estima¬ 
tions  on  one  animal.  Heavy  lines  represent  means  for  each  grouji  of  15  rats  (see  Table 
1  for  actual  values). 


were  perhaps  due  to  the  presence  of  some  powerful  anticoagulant  circulating  in  normal 
females  also  seems  likely  from  our  preliminary  tests  for  such  an  anticoagulant  using 
varying  concentrations  of  thrombin.  Studies  of  recalcification  clotting  times  and  of  the 
existence  of  circulating  anticoagulants  are  still  being  continued. 

COMMENT 

Since  coronary  pathology  does  not  nece.ssarily  culminate  in  coronary  occlusion  (throm- 
liosis)  the  need  for  understanding  the  mechanism  for  the  thrombotic  episodes  themselves 
has  been  emphasized  b\’  Duguid  (7)  who  considered  that  diet  may  perhaps  not  be  im- 
jiortant  in  this  regard. 

Our  findings,  recorded  above,  may  constitute  another  step  towards  explaining  the 
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preponderance  of  coronary  failures  in  males  as  well  as  the  apparent  significance  of  f  it 
intake  in  their  production.  In  addition  to  the  above  data,  however,  we  have  now  fouii  1. 
and  reported  on  fully  elsewhere  (13),  that  male  rats  differ  from  females  also  in  the  degi  e 
of  chylomicronaemia  developed  after  a  single  standard  fatty  meal,  despite  the  fact  that, 
as  shown  by  Deuel  ((}),  sex  differences  in  the  rate  of  fat  absorption  are  not  demonstrabi  >. 
These  findings  in  rats  conform  with  sex  differences  in  chylomicronaemia,  after  standaid 
fatty  meals,  j)reviously  described  in  man  (1,  5).  Moreover,  the  fibrinolytic  activity  of  the 
plasma,  three  hours  after  a  fat  meal,  has  been  found  by  us  to  droj)  to  a  far  greater  degi  '  e 
in  male  than  in  female  rats,  the  degree  (tf  fall  apj)arently  being  related  to  the  intensity 
of  chylomicronaemia  which  develops.  .\s  will  be  reported  later,  we  have  also  found  the>e 
differences  in  resj)onse  to  a  fatty  meal  to  be  modifiable  by  gonadectomy  and  by  hormone 
pellet  implants. 

It  may  well  be  that  the  liitoprotein  jtarticles  in  chylomicronaemic  plasma,  like  other 
macromolecules,  are  phagocytized  by  the  reticulo-endothelial  sy.stem  in  a  manner  pre¬ 
viously  outlined  (12).  Such  stimulation  of  the  latter  system  might  then  be  responsible 
for  the  observed  fall  in  the  plasma  fibrinolytic  capacity  induced  by  fatty  meals 
esj)ecially  in  males. 

If  the  tendency  to  deposit  fibrin  in  vessels,  prone  to  intimal  “erosions”  by  pre-existing 
tortuousity  and  rigidity,  is  indeed  determined  in  part  by  the  fibrin  content  of  plasma, 
on  the  one  hand,  and  its  filninolytic  activity  on  the  other,  then,  according  to  our  j)rcs- 
ently  reported  findings,  the  order  of  such  tendency  would  probably  be  first,  castrated 
males,  then  normal  males,  next  ovariectomized  females  and  lastly  normal  females.  Our 
additional  data  (13),  indicate  that  this  tendency  will  be  intensified  in  males  in  whom 
chylomicronaemia  and  fall  in  plasma  fibrinolytic  activity  after  fat  ingestion  are  both 
more  marked  than  in  females. 

These  findings  certainly  seem  to  provide  a  basis  for  studying  further  the  interrelations 
between  .sex  hormones,  reticulo-endothelial  activity,  fat  intake  and  apparent  sex  dif¬ 
ferences  in  fat  absorption,  transjrort  and  dissimilation  in  producing  thrombotic  episodes 
in  patients  with  i)re-existing  coronary  jrathology. 
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THYROID  IODIDE  CONCENTRATION  IN  ESTRADIOL-TREATED 
H  Y  PO  PII YS  EC  ro  M I Z  E  D  R  A  I'S* 

ABSTRACT 

Treatment  with  a-estradiol  benzoate  produced  no  marked  alteration  of 
thyroid  size  or  T  S  ratio  in  hypophysectomized  female  rats,  with  or  without 
concurrent  th3’rotrophin  administration.  The  inhibitoiy  effect  of  this  estroKen 
on  goitro}>;enesis  does  not  appear,  therefore,  to  be  due  to  a  direct  action  on  the 
th.vroid  iodide  concentrating  mechanism. 

In  an  attempt  to  localize  the  site  at  which  estradiol  acts  to  inhibit  goitrogenesis  (1), 
we  looked  for  a  direct  influence  of  this  hormone  on  thy  roid  iodide  concentration.  No  such 
effect  was  seen  in  a  pilot  stud}'*  (unpublished)  carried  out  in  1954.  However,  a  subsecpient 
report  bj’  Feldman  (2)  that  treatment  with  another  estrogen  (estrone)  increased  the 
thyroid-serum  radioiodide  concentration  (T  S)  ratio  of  hypophysectomized  rats  four¬ 
fold,  has  led  us  to  re-examine  the  question,  repeating  and  extending  our  earlier 
experiment. 

-MATKRIALS  AND  .MKTHODS 

Young  hypophysectomized  female  rats,  obtained  from  either  the  Hormone  Assay  Labo¬ 
ratories  in  Chicago,  Illinois,  or  the  Endocrine  Laboratories  in  Madison,  Wisconsin,  were 
maintained  from  the  third  post-operative  day  on  Purina  Fox  C'how,  and  3%  sucro.se  in  tap 
water,  ad  libitum.  They  were  weigher!  and  divided  into  control  and  experimental  groups  on 
the  10th  post-operative  day.  On  this  and  the  succeeding  5  days  (excei)t  in  Experiment  VII, 
where  a  3-da>'  treatment  period  was  used),  the  experimental  rats  were  injected  subcutaneously 
with  0.1  ml.  of  sesame  oil  containing  the  desired  daily  dose  of  the  estrogen  (o-estradiol 
benzoate).’  In  Experiments  III-VT  all  animals  were  injected  intraperitoneally  with  thvro- 
trophin,^  dissolved  in  0.5  ml.  of  saline,  at  either  12  hour  (Exp.  Ill)  or  24  hour  intervals 
throughout  the  6-day  treatment  period.  Drug  dosages  are  shown  in  the  table.  On  the  16th 
(in  Experiment  VH,  the  13th)  post-operative  day,  12-16  hours  after  the  last  injection,  T/S 
ratios  were  determined  bv  the  method  of  VanderLaan  and  Greer  (3).  Thyroid  weights  were 
measured  to  the  nearest  0.1  mg.  Body  and  adrenal  weights  were  used  to  detect  incomplete 
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hypophysectomy,  even  if  gross  inspection  of  the  operation  site  failed  to  reveal  pituitar 
remnants. 


RKSULTS  A.\D  DISCUSSION 

Mean  relative  thyroid  weights,  T/S  ratios,  and  terminal  body  weights  are  presentei 
in  Table  1. 

In  the  experiments  in  which  no  thyrotrophin  was  administered  (I,  II,  and  VII),  tin 
T/S  ratios  for  estradiol-treated  rats  were  slightly  greater  than  those  for  their  controls 
However,  the  most  striking  increase  noted  (in  group  II,  50%)  was  not  particularly  sig¬ 
nificant  (P  =  .017).  There  was  no  consistent  effect  on  thyroid  weight. 

In  Experiments  III-\T,  where  the  rats  received  thyrotrophin,  the  estrogen  treatment 
failed  to  increase  the  T/S  ratios.  It  even  may  have  depres.sed  them.  On  the  other  hand, 
relative  thyroid  weights  appeared  to  increase,  but  this  increase  is  probably  due,  in  large 


Table  1 


TSH, 
niR.  day  ^ 

No.  of 
rata 

Body 

weight, 

gm. 

Thyroid  weight 
(mg.  100  gm.) 

T  S  ratio 

Control  Estrogen 

Control  j 

Estrogen 

I*  1  — 

1  _ 

9 

145±6.0 

5.161  .25 

6.11.76 

150 

1  — 

8 

1,37±4.2 

,  5.191  .27 

(p  =  .394){ 

6 . 9  ±  .66 

lit  — 

,  _ 

5 

140±5.2 

3. .381. .32  ' 

5.811.08  , 

80 

1  — 

10 

129  ±2.7 

(p  =  .064)  4.191.10 

<p  =  .017)  i 

8.41 1.01 

III*  — 

1.0 

6 

15.3±3.2 

5.921  .26 

11017.4  1 

150 

1.0 

6 

139±5.3 

(p  =  .122)  ;  6.801  .44 

(p  =  .008) 

76  ±7.3 

IV*  — 

0.5 

5 

1.30±3.3 

4.961  .27 

1  10219.1 

150 

0.5 

4 

12413.0 

(p  =  .046)  ,  6. 031. .3.3 

'  (p  =  .028) 

71  ±4.9 

vt  — 

0.25  1 

6 

14512.2 

4.781  .24 

8516.3 

80 

0.25 

10 

13611.7 

(p  =  .655)  1  4.631.20 

(p  =  .161) 

i  KKI  ±7.7 

vit  — 

’  0.(K)25 

12 

13712.0 

4  . .32+  .15  j 

4515.2 

i 

80 

0.0025 

12 

12611.9 

(p  =  .221)  1  4.701  .26 

(p  =  .138) 

.36  ±2.7 

Vllt  — 

1  _ 

12 

1.3912.2 

4.951  ..34 

'  3.51  .22 

1 

8 

1  — 

11 

13511.1 

(p  =  .329)  i  4.541  .29 

(p  =  .3.37) 

4.11  .6.3 

*  Rats  obtained  from  Hormone  Assay  Laboratories.  Chicago.  Illinois, 
t  Rats  obtained  from  Endocrine  La^ratories,  Madison,  Wisconsin. 

X  Rased  on  differences  between  control  and  estrogen  values. 


part,  to  the  body  weight  loss  invariably  found  in  the  estrogen-treated  rats.  These  results 
do  not  suggest  any  significant  modification,  by  estradiol,  of  the  effects  on  thyroid  size 
and  iodide  concentration  of  either  .0025,  .25.  .5  or  1.0  mg. /day  of  the  thyrotrophin 
preparation  used. 

Thus,  a-estradiol  benzoate,  in  doses  which  inhibit  goiter  development  in  the  intact 
rat  (1),  does  not  appear  to  greatly  or  consistently  affect  thyroid  size  or  iodide  “pumping” 
in  the  absence  of  the  hypophysis.  The  action  of  this  hormone  in  the  intact  goitrogen- 
treated  rat  is  therefore  not  a  direct  one  upon  the  iodide  pump,  although  a  direct  effect 
upon  some  other  phase  of  thyroid  metabolism  (i.e.,  incorporation  of  iodine  into  the  thy¬ 
roid  hormone)  is  not  ruled  out  by  these  experiments. 

It  is  difficult  to  interpret  the  discrepancy  between  these  findings  and  those  of  Feldman 
(2).  In  Experiment  VTI,  the  estrogen  dosage  (estradiol,  8  /ag.)  was  comparable  to  that 
which  he  employed  (estrone,  500  i.u.),  but  nothing  approximating  a  four-fold  increase 
in  the  T /  S  ratio  was  found.  Therefore,  it  seems  clear  that  any  direct  action  estrone  may 
have  on  the  thyroid  iodide  “pump”  should  not  be  attributed  to  its  estrogenic  properties 
per  se,  since  no  such  influence  was  exhibited  by  estradiol.  A  similar  discrepancy  between 
the  effects  of  estradiol  and  estrone  on  thyroid  1*®*  uptake  has  been  noted  in  intact  rats 
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( l).  This  sugRests  that  these  two  estrogenic  compounds  may  also  differ  in  their  ability 
t  •  influence  thyroid  function  in  hypopln  sectomized  animals. 

E.  M.  Bogd.\novk  and  E.  H.  Houn 

Ikpartment  of  Anatomy 

.'Ibany  Medical  College  of  Union  University 

.\lhany,  Xew  York 
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THE  ENDOCRINE  SOCIETY 

1958  ANNUAL  MEETING 

The  Fortieth  Annual  Meeting  of  The  Endocrine  Society  will  be  held  i  i 
the  St.  Francis  Hotel,  San  Francisco,  California,  Thursday,  Friday  an  l 
Saturda}',  June  19,  20,  21,  1958. 

The  Committee  on  Local  Arrangements  is  Dr.  Roberto  Escamilla,  Chaii- 
man.  Dr.  Donald  E.  Bernstein,  Dr.  Peter  H.  Forsham,  Dr.  Minnie  B. 
Goldberg,  Dr.  Gilbert  S.  Gordan,  Dr.  Francis  S.  Greenspan,  Dr.  C.  H.  Li 
as  members  of  the  committee. 

All  Scientific  Sessions  will  be  held  from  9:00  A.M.  to  5:00  P.M.  daily  in 
the  Colonial  Ballroom,  and  in  addition  there  will  be  simultaneous  after¬ 
noon  sessions  in  the  Italian  Room.  The  annual  dinner  is  scheduled  for 
Friday,  June  20th  at  7 :30  P.M.,  preceded  by  cocktails  at  6:30  P.M. 

All  reservations  for  rooms  must  be  made  through  the  AMA  Housing 
Bureau,  c  o  Convention  and  Tourist  Bureau,  Civic  Auditorium,  San 
Francisco,  California,  after  January  1,  1958.  No  reservations  will  be  ac¬ 
cepted  before  that  date.  If  possible,  official  application  forms  as  published 
in  the  Journal  of  the  American  Medical  Association  should  be  used.  Arrival 
and  departure  dates  must  be  stated.  This  notice  concerning  procedure 
for  making  hotel  reservations  supersedes  that  published  in  the  November  1957 
issue  of  this  journal. 

Final  program,  membership  card  and  advance  registration  forms  will  be 
sent  on  May  15,  1958  to  members  whose  current  dues  have  been  paid. 

Those  wishing  to  present  papers,  which  will  be  strictly  limited  to  ten  min¬ 
utes,  should  send  four  copies  of  the  title  and  abstract  to  the  Vice-President, 
Dr.  Rulon  W.  Rawson,  444  E.  68th  St.,  New  York  21,  New  York,  not 
later  than  February  1,  1958.  It  is  imperative  that  the  abstracts  be  informa¬ 
tive  and  complete  with  results  and  conclusions — not  a  statement  that  those 
will  be  presented  at  the  meeting — in  order  that  they  may  be  of  reference 
value  and  suitable  for  printing  in  the  program.  The  following  regulations 
for  the  preparation  of  abstracts  and  titles  must  be  carefully  followed  to 
insure  consideration  of  the  paper  for  the  program: 

1.  Abstracts  may  not  exceed  two  hundred  words,  or  equivalent  space, 
exclusive  of  title.  No  footnotes  or  acknowledgements  to  sponsors  can 
be  published.  Reference,  if  used,  must  be  placed  in  the  body  of  the 
text.  The  abstract  should  consist  of  a  single  paragraph,  if  possible. 
Structural  chemical  formulas  cannot  be  used. 

2.  The  title  heading  must  be  arranged  as  follows: 
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Line  1.  Title,  not  to  exceed  fifteen  words; 

Line  2.  Author /'s.  The  name  of  each  non-member  author  collabo¬ 
rating  with  member-authors  is  to  be  followed  by  the 
phrase  “(by  invitation).”  Names  of  non-members  who  are 
introduced,  i.e.,  who  are  not  collaborators  with  member- 
authors,  are  to  be  followed  by  the  phrase  “(introduced 
by  The  principal  degree,  e.g.,  M.D.,  of  each  author 

should  be  written  after  his  name. 

Line  3.  Institution  of  origin  and  city  in  which  institution  is 
located. 

3.  The  body  of  the  abstract,  typed  double  space,  should  follow  the 
heading.  The  original  copy  should  be  on  bond  paper.  There  should  be 
three  copies. 

4.  Abstracts  should  be  letter  perfect,  since  there  will  be  no  opportunity 
for  proofreading  by  the  authors. 


ERRATUM 

In  Tables  3  and  4  in  the  article  “Ketogenic  and  Adipokinetic  Activities 
of  Pituitary  Hormones”  by  Frank  L.  Engel,  Mildred  G.  Engel  and  Harry 
T.  McPherson  which  appeared  in  Endocrinology  61:  713,  1957  (December) 
all  the  ditto  marks  should  be  removed  from  under  “O.LV  NaOH — 24 
hours.” 


AMERICAN  CANCER  SOCIETY 

The  American  Cancer  Society  has  announced  that  Clinical  Fellowship, 
at  the  senior  resident  level  for  the  academic  year  1959-60  may  be  applie<i 
for  by  institutions  accredited  l)y  the  Council  on  Medical  Education  and 
Hospitals  of  the  American  Medical  Association  to  give  training  in  the  fol¬ 
lowing  specialties  and  sub-specialties,  with  emphasis  on  the  diagnosis  ami 
treatment  of  cancer:  internal  medicine,  malignant  diseases,  neurological 
surgery,  obstetrics-gynecology,  orthopedic  surgery,  otolaryngology,  pa¬ 
thology,  public  health,  radiology,  surgery,  and  urology. 

Institutions  will  be  notified  of  awards  granted  in  June  1958.  Individual 
candidates  should  apply  directly  to  an  institution,  or  the  American  Cancer 
Society,  for  information  concerning  fellowships.  The  annual  .stipend,  tax 
exempt,  is  S3, 600. 

Application  forms  are  available  from  the  Director  of  Professional  Edu¬ 
cation,  American  Cancer  Society,  Inc.,  521  West  57th  Street,  New  York 
19,  New  York. 

February  15,  1958  is  the  deadline  for  institutions  submitting  applica¬ 
tions  for  the  1959-60  clinical  fellowships. 
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